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\ \  ABSTRACT
\  ■ V. VV\’ \ \
V_/
* >
; SEX STEROIDS IN  THE NEWBORN RATi
V V • . \ • .
EFFECTS ON HEPATIC DRUG AND STEROID METABOLISM 
* > IN  THE ADULT
by
E v a n g e l ic a  F l o j o  Reyes
The ^ f f i c a c y  o f  t e s t o s t e r o n e  p r o p io n a t e  ( T P ) ,  17B— 
e s t r a d i o l  b e n z o a te  ( E 2 ) , and 5 0 5 - d i h y d r o t e s t o s t e r o n e  
b e n z o a te  (DHT) a t  i m p r i n t i n g  e t h y lm o r p h in e  (EM) N -d e m e th y la s e  
and d e o x y c o r t ic o s t e r o n e  (DOC) 5 0 5 - r e d u c t a s e  was“? s t u d ie d .
Each s t e r o i d  was g iv e n  ( s c ) 9 t o  m a le  pups c a s t$ % te d  on Day 1 
p o s t - p a r t u m ,  a t  0 . 0 0 ,  0 . 3 7 ,  0 . 7 3 ,  1 . 4 5 ,  o r  2 . 9 0  u m o le s /p u p /  
d a y ,  on Days 2 ,  4 ,  and 6 .  C o n t r o l  ( i . e . ,  0 . 0 0  um ole)  
r e c e iv e d  t h e  v e h i c l e .  E x c e p t  f o r  one giroup o f  c o n t r o l s ,  t h e
r a t s  r e c e iv e d  TP (2  m g / r a t / d a y ,  s c )  f ro m  Day 5 0 - 5 9 .  On Day/
6 0 ,  t h e  a p p a r e n t  Km and t h e  Vmax o f ; t h e  tw o  enzymes was  
d e te r m in e d .  In  u n t r e a t e d  c a s t r a t e s ^  t h e  a p p a r e n t  Km ( 0 . 6 9  ±  
0 . 0 4  mM) and t h e  Vmax ( 3 . 0 3  ±  0 . 1 9  nm oles /m in /m gM P ) o f  t h e  EM 
N -d e m e th y la s e  and t h e  a p p a r e n t  Km ( 0 .0 0 ?  ±  0 .0 0 1  mM) and t h e  
Vmax ( 4 . 1 0  ±  0 . 4 5  nm oles /m in /m gM P ) o f  t h e  DOC 5 0 5 - r e d u c t a s e  
d id  n o t  d i f f e r  s i g n i f i c a n t l y  fro m  t h e  v a lu e s  f o r  t h e  enzymes  
i n  i n t a c t  a d u l t  f e m a le s .  T h is  " f e m i n i z a t i o n "  o f  t h e  tw o  
enzymes was n o t  r e v e r s i b l e  by TP g iv e n  t o  t h e  a d u l t  m a le .  A t  
0 . 3 7  um ole o f  e i t h e r  o f  t h e  t h r e e  sex s t e r o i d s ,  t h e r e  was no
iv
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m a s c u l i n i z a t i o n  o f  t h e  a p p a r e n t  Km o r  t h e  Vmax o f  t h e  EM 
N - d e m e th y la s e .  A t  0 . 7 3  u m o le ,  h o w e v e r ,  a l l  t h e  sjgj<  ̂s t e r o i d s  
im p r i n t e d  b o th  k i n e t i c  p a r a m e te r s  o f  t h e  enzym e. The 
a p p a r e n t  Km a n d  Vmax o b t a in e d  w i t h  t h i s  dose  o f  TP ( 0 . 2 5  ±
, 0 .0 3  mM and 8 . 4 7  ±. 0 . 2 5  n m ^ le s /m in /m g M P ),  E2 CO.27  ±  0 . 0 3  mM 
and 8 . 2 9  ±  0 . 4 2  n m o le s /m in /m g M P ),  and DHT < 0 .3 1  ±  0 . 0 3  mM and  
8 . 5 6  ±  0 . 7 3  nm oles /m in /m gM P ) w ere  n o t  s i g n i f i c a n t l y  d i f f e r e n t  
f ro m  t h o s e  o b t a in e d  f ro m  i n t a c t  a d u l t  m a le s .  A f u r t h e r  
i n c r e a s e  i n  dose t o  T?t45 o r  2 . 9 0  um oles  o f  any  s t e r o i d  d id
f
not. c au se  f u r t h e r  m a s c u l i n i z a t i o n .  T h u s , t h e  lo w e s t  dose o f  
TP, E2 , o r  DHT t h a t  i m p r i n t s  t h e  EM N -d e m e th y la s e  l i e s  
b etw een  0 . 3 7  and 0 . 7 3  u m o le .  The a p p a r e n t  Km o f  t h e  DOC 5CC -  ♦ 
r e d u c t a s e  was i m p r i n t e d  by e i t h e r  0 . 3 7  um ole  o f  TP ( 0 .0 1 6  ±. 
0 .0 0 1  mM) o r  DHT < 0 .0 1 1  ±  0 . 0 0 6  mM) b u t  n o t  by E2 < 0 .0 0 8  ±,
4
0 . 0 0 2  mM). A t  0 . 7 3  um ole  o f  E 2 ,  h o w e v e r ,  t h e  a p p a r e n t  Km o f
-/■
t h e  enzyme < 0 .0 2 0  ±. O.OOo mM) d i d  n o t  d i f f e r  f ro m  t h a t  
o b t a in e d  in  t h e  i n t a c t  m a le .  No f u r t h e r  ‘i m p r i n t i n g  was 
o b s e rv e d  a t  e i t h e r  1 . 4 5  o r  2 . 9 0  um oles  o f  E 2 .  S i m i l a r - l y ,  t h e  
h i g h e r  doses, < 0 .7 3  — 2 . 9 0  um oles) o f  TP o r  DHT d id  n o t  
f u r t h e r  m a s c u l i n i z e  t h e  a p p a r e n t  Km. The Vmax o f  t h e  DQC 
SOS—r e d u c t a s e  was n o t  im p r in t e d  by 0 . 3 7  um ole  o f  e i t h e r  TP,
E2, o r  DHT. A t  0 . 7 3  u m o le ,  h o w e v e r ,  i m p r i n t i n g  was e f f e c t e d  
by TP < 1 .7 9  ±  0 . 1 8  n m o le s /m in /m g M P ),  E2 < 1 .7 0  ±. 0 . 1 8  n m o le s /
 min/mgMP) , and DHT < 2 .1 2  ±. 0 . 3 5  n m o le s /m in /m g M P ).  These
v a lu e s  d id  n o t  d i f f e r  s i g n i f i c a n t l y  f ro m  t h e  Vmax f o r  t h e  
J enzyme i n  i n t a c t  a d u l t  m a le s .  No f u r t h e r  i m p r i n t i n g  was
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£  o b s e rv e d  a t  1 .4 5  o r  2 . 9 0  u m oles  o f  any  o f . t h e  s t e r o i d s .
Th u s , t h e  lo w e s t  dose o f  TP , E 2 , o r  DHT t h a t  i m p r i n t s  t h e  
Vmax o f  t h e  enzyme l i e s  b e tw een  0 . 3 7  and 0 . 7 3  um ole . The  
a p p a r e n t  Km i s  im p r i n t e d  b y  TP and DHT a t  a  dose l e s s  th a n
/  *
0 . 3 7  umole.; £2  i m p r i n t s  t h i s  p a r a m e te r  a t  a  dose betw een  0 . 3 7
and . 0 .7 3  um ole . T h u s , based on t h e  k i n e t i c s  o f  t h e  tw o
enzym es, t h e  c o n t r o l  f o r  i m p r i n t i n g  a p p e a rs  t o  be t h e  same 
f o r  b o th  h e p a t i c  d ru g  and s t e r o i d  m e ta b o l is m .  The a n t i -  
e s t r o g e n ,  n a .fo x i .d in e  (N F X ),  g iv e n  (s c )  t o  c a s t r a t e d  pups on
Day 1 o f  l i f e ,  a t  0 . 5 5 ,  1 . 4 5 ,  o r  2 . 9 0  u m o le s /p u p ,  b lo c k e d  t h e
'•
i m p r i n t i n g  e f f e c t s  o f  1 .4 5  um oles  d f  TP, E 2 , o r  DHT g iv e n  
(s c )  on Days 2 ,  4 ,  and Thus, t h e  e s t r o g e n  r e c e p t o r ,
p r o b a b ly  in  t h e  h y p o th a la m u s  o f  t h e  m a le  pup , a p p e a rs  t o
a
m e d ia te  t h e  i m p r i n t i n g  e f f e c t s  o f  t h e  sex s t e r o i d s .  The 
a p p a r e n t  Km and Vmax o f  t h e  tw o enzymes w ere  " f e m i n i z e d " .  
H ow ever, NFX d id  n o t  b lo c k  i m p r i n t i n g  in  t h e  i n t a c t  m ale  pup .
T hu s , i t  a p p e a rs  t h a t  t h e  dose  o f  sex s t e r o i d s  t h a t  i m p r i n t s
t h e  tw o  enzymes i n  t h e  m a le  c a s t r a t e d  a t  b i r t h  i s  
“h y p o p h y s io lo g ic "  r e l a t i v e  t o  t h e  l e v e l s  o f  endogenous sex  
s t e r o i d s  i n  t h e  i n t a c t  m a le  n e o n a te .
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INTRODUCTION
T h e - h e p a t ic  m onooxygenases, o r  m ixed  f u n c t i o n  o x id a s e s
(FIFO), i s  a  m u lt ic o m p o n e n t ,  e l e c t r o n - t r a n s p o r t  sys tem  t h a t
c a t a l y z e s  t h e  m e ta b o l is m  o f  a w id e  v a r i e t y  o f  endogenous
s u b s t r a t e s  ( e . g . , .  s t e r o i d s ,  f a t t y  a c i d s ,  and b i l e  a c id s )  and
*
exogenous compounds ( e . g . ,  t h e r a p e u t i c  a g e n ts ,  c a r c in o g e n s ,  
i n s e c t i c i d e s ,  and o t h e r  x e n o b i o t i c s )  (L u , 1^976). These  
h ' ig h ly  l i p o p h i l i c  s u b s ta n c e s  w ould s t a y  in  t h e  body f o r  lo n g  
p e r io d s  o f  t im e  by c o n t in u o u s  r e a b s o r p t i o n  f ro m  t h e  g u t  and  
t h e  k id n e y s  u n le s s  t h e y  w ere  m e t a b o l iz e d  t o  more h y d r o p h i l i c  
compounds w h ich  a r e  more r e a d i l y  e x c r e t e d .  Thus , t h e  h e p a t i c  
m ic ro so m a l FIFO s e r v e s  t h i s  i n d is p e n s a b le  p u rp o s e .
T h is  enzyme s ys te m  i s  composed o f  t h r e e  f u n c t i o n a l  
com ponents: c y to c h ro m e s  P - 4 5 0 ,  a f a m i l y  o f  h e m o p ro te in s  w hich  
s e r v e  as  t h e  s u b s t r a t e  b in d in g  enzyme a n d ' t h e  t e r m i n a l  
o x id a s e  in  t h e  FIFO, NADPH C ytochrom e P -4 5 0  . r e d u c t a s e ,  a 
r l a v o p r o t e i n  w h ich  t r a n s f e r s  e l e c t r o n s  .f ro m  NADPH t o  
c y to c h ro m e  P - 4 5 0 ,  an^J p h o s p h a t id y lc h o l in e  w hich f u n c t i o n s  t o  
f a c i l i t a t e  t h e  t r a n s f e r  o f  e l e c t r o n s  (Lu , 1 9 7 6 ) .
In  t h e  a d u l t  r a t ,  t h e  o x i d a t i v e  m e ta b o l is m  o f  d ru g s  and 
s t e r o i d s  i s  g e n e r a l l y  f a s t e r  in  m a les  th a n  in  f e m a le s  
( A x e l r o d ,  195 6 ;  K a to  and G i l l e t t e ,  1965; Schenkman e t  a l . ,  
1967; D a v ie s  e t  a l . ,  1968; K a to  and Onoda, 1970; E l D e fra w y
- 1-  -
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E l  M asry  and M a n n e r in g ,  1974; C o lb y ,  198 0 )  w h ereas  t h e  A  -
5 0 C - r e d u c t iv e  m e ta b o l is m  o f  s t e r o i d s  i s  g e n e r a l l y  f a s t e r  in
f e m a le s  th a n  i n  m a le s  ( Y a te s  e t  a l . , ’195 3a ; T ro o p ,  1 9 5 8 ) .
These  s e x - r e l a t e d  d i f f e r e n c e s  do n o t  become e v i d e n t  u n t i l
a b o u t  D a y .30  o f  l i f e  and c o m p le te  d e v e lo p m e n t  i s  n o t  a c h ie v e d
u n t i l  ab o u t  Day 56 p o s t - p a r t u m  ( B e l l  and E c o b ic h o n , 1974;
K a to ,  1974; S te n b e r g ,  1 9 7 6 ) .
The sex d i f f e r e n c e s  in  t h e  a c t i v i t y  o f  h e p a t i c
m icro som al enzymes h av e  been  l a r g e l y  a t t r i b u t e d  t o  t h e
a c t i o n s  o f  g o n a d a l horm ones. I t  has  been d e m o n s tra te d  t h a t
a n d ro g en s  i n c r e a s e  t h e  a c t i v i t y  o f  h e p a t i c  m onooxygenases
(K a to  and Onoda, 1970 ; E l D e fra w y  E l M asry  and M a n n e r in g ,
1974 ; Chung e t  a l . ,  197 5 ;  C o lb y ,  1980) and d e c re a s e  t h e
/  a c t i v i t y  o f  m ic ro so m a l - s t e r o i d  h y d ro g e n a s e s  (DeMoor and
D e n e f ,  1968; D enef and DeMoor, 1972; G u s ta fs s o n  and S te n b e r g ,
♦
1974a? "Colby, 1 9 8 0 ) .  E s tr o g e n s  r e p o r t e d l y  p ro d u c e  t h e  
o p p o s i t e  e f f e c t s  (K a to  and Onoda, 1970; ^ / J e f r a w y  E l  Masry  
and M a n n e r in g ,  1974; Chung e t  a l . ,  197 5 ;  Y a te s  e t  a l . ,
1 9 5 8 a ) .
The a c t i o n  o f  an d ro g e n s  in  t h e  n e o n a t a l  p e r io d  a p p e a rs  
t o  have  two com ponents (E in a r s s o n  e t-  a l .', 1973 ; Chung e t  a l . 
1 9 7 5 ) :  (a )  a  .b a s a l l e v e l  o f  en;ym e ' a c t i v i t y  c h a r a c t e r i s t i c  o f
t h e  a d u l t  m a le  r a t  and (b ) a  r e s p o n s iv e n e s s  o f  t h e  enzyme t o  
t e s t o s t e r o n e  i n  t h e  a d u l t .  These tw o  com ponents  d e f i n e  t h e  
" i m p r i n t i n g "  o f  h e p a t i c  drug  and s t e r o i d  m e ta b o l is m  in  t h e
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r a t  a l th o u g h  t h i s  phenomenon i s  n o t  e x p re s s e d  u n t i l  l a t e r  i n  
l i - f e  (DeMoor and D e n e f , 1 9 6 8 ) .  The com ponents  o f  e s t r o g e n  
a c t i o n ,  on t h e  o t h e r  h a n d , a r e  unknown.
t' •
m
'T e s t o s t e r o n e  p r o p i o n a t e  ( T P ) ,  b u t  n o t  17B—e s t r a d i o l
c
d i p r o p i o n a t e ,  im p 'r in te d  t h e  N—d e m e t h y la t io n  o f  e t h y lm o r p h in e  
(Chung, \^1977) . On t h e  o t h e r  hand , TP, e s t r a d i o l  b e n z o a te  
( E 2 ) \  and S t t - d  i h y d r o t e s t o s t e r o n e  - p r o p io n a t e  (DHT) 
e f f e c t i v e l y  in d u ce d  a .m ale  p a t t e r n  o f  h e p a t i c  s t e r o i d
/y
m e ta b o l is m  (G u s ta fs s o n  and .-S te n b e rg , 1 9 7 6 a ) .  T h ese  e f f e c t s
o f  a n d ro g e n s  and e s t r o g e n s ,  h o w eve r,  w e re  d e p e n d e n t  on th e '
p re s e n c e  o f  an T h t a c t  p i t u i t a r y  g la n d  (C o lb y  e t  a l . ,  1973,
*
1974 ; G u s ta fs s o n  and S t e n b e r g ,  1974b', 1976b; Kram er e t  a l . , 
1 9 7 5 , 1979 ; G u s ta fs s o n  and S k e t t ,  1978; F in n e n  and H a s s a l l ,  
1 9 8 0 ) .  C o n s e q u e n t ly ,  i t  has  been s u g g e s te d  t h a t  t h e  
p i t u i t a r y  s e c r e t e s  a  " f e m i n i z i n g  f a c t o r "  t h a t  " f e m in iz e s "  
' h e p a t i c  s t e r o i d  m e ta b o l is m  in  t h e  r a t  (G u s ta fs s o n  and 
S te n b e r g ,  1 9 7 6 b ) .  Of t h e  many h y p o p h y s ia l  horm ones s t u d i e d ,  
g ro w th  hormone (GH) a p p e a r s  t o  be t h e  " f e m i n i z i n g  f a c t o r "  in  
t h e  m a le  r a t  (Rumbaugh and C o lb y ,  1980; Mode e t  a l . ,  1981 ,  
1 98 3 ;  G u s ta fs s o n  e t  a l . ,  1983; V i r g o ,  1 9 8 3 ) .  The r e l e a s e  o f  
t h i s  " f e m i n i z i n g  f a c t o r " ,  i n  t u r n ,  i s  p o s t u l a t e d  t o  be
Ss" "Xi n h i b i t e d ,  i-n t h e  m a le  r a t ,  by a h y p o th a la m ic  r e l e a s e —
\
i n h i b i t i n g  f a c t o r  (G u s ta fs s o n  e t  a l . ,  1 9 7 6 a ) .  S in c e  GH i s  
t h e  " f e m i n i z i n g  f a c t o r "  in  t h e  m a le  r a t ,  t h e  i n h i b i t o r y  
f a c t o r  r e l e a s e d  by t h e  h y p o th a la m u s  w ould  m ost l i k e l y  be
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s o m a t o s t a t in , .  t h e  GH—r e l e a s e  i n h i b i t i - n g  f a c t o r  (G u s ta fs s o n  %
e t  a l . ,  1 9 8 3 ;  V i r g o ,  1 9 8 5 ) .
T h u s , i m p r i n t i n g ,  by sex  s t e r o i d s ,  o f  h e p a t i c  d ru g  and
s t e r o i d 'm e t a b o l i s m  i n  t h e  r a t  i n v o l v e s  a c h a in  o f  c o n t r o l
a lo n g  t h e  h y p o t h a l a m o - p i t u i t a r y —l i v e r  a x i s .
What h as  been s t a t e d  so f a r  a r e  g e n e r a l  i s s u e s  t h a t  make
up t h e  o v e r a l l  p i c t u r e  o f  t h e  i m p r i n t i n g  p r o c e s s  in  r a t
h e p a t i c  m e ta b o l is m .  I  s h a l l  now c o n s id e r  each  o f  th e s e  
* %
p a i n t s  i n  more d e t a i l .
The m ic ro so m a l e l e c t r o n  t r a n s p o r t  c h a in  may be d e s c r ib e d  
b r i e f l y  a s  f o l l o w s  ( F ig u r e  1 ) :  An o r g a n ic  s u b s t r a t e  (S) b in d s ” 
t o  t h e  f e r r i c  P -4 5 0  t o  fo rm  a f e r r i c  P 4 5 0 - s u b s t r a t e  co m p lex .  
T h is  com plex u n d erg o es  a one—e l e c t r o n  r e d u c t i o n  (NADPH i s  th e  
s o u rc e  o f  t h e  e l e c t r o n )  t o  a  f e r r o u s  P 4 5 0 - s u b s t r a t e  com plex .  
T h is  f e r r o u s  P 4 5 0 - s u b s t r a t e  com plex can r e a c t  w i t h  carb o n  
m onoxide t o  fo rm  t h e  f a m i l i a r  f e r r o u S -C O  com plex t y p i f i e d  by 
t h e  c h a r a c t e r i s t i c  a b s o rb a n c e  band a t  450  nm, o r  w i t h  oxygen  
t o  fo rm  a t e r n a r y  com plex o f  heme i r o n ,  o x y g e n , and 
s u b s t r a t e .  The f e r r o u s  P 450—s u b s t r a t e - o x y g e n  com plex th e n  
u n d e rg o e s  a second s t a g e  o f  r e d u c t i o n  and t h e  c y c l e  i s  
c o m p le te d  by t h e  i n s e r t i o n  o f  one atom o f  m o le c u la r  oxygen  
i n t o  t h e  o r g a n ic  s u b s t r a t e  c o n c o m ita n t  w i t h  t h e  f o r m a t io n  o f  
w a te r  and t h e  o x i -d a t io n  o f  t h e  i r o n .  The P -4 5 0  i s  r e c y c le d  
by t h e  s p l i t t i n g  o f f  o f  t h e  h y d r o x y la t e d  s u b s t r a t e .
In  r e c e n t  y e a r s ,  i n c r e a s i n g  e v id e n c e  has  i n d i c a t e d  t h a t






f i g .  1. General reaction scheme for cytochrome P-450- 
depertdent mixed-function oxidase reactions. S,  substrate; S-OH,  
oxidized substrate; e~t electron; P-450,  cytochrome P-450. 
Beprlnted fron Bend and Hook (1975)*
m a n y 'o f  t h e  m a jo r  d i f f e r e n c e s  seen  i n  t h e  m e ta b o l is m  o f  
v a r i o u s  s u b s t r a t e s  u n d e r  v a r i o u s  c o n d i t i o n s  ( i . e . ,  a g e ,  s e x ,  
s p e c ie s ,  o r  p r e t r e a t m e n t  w i t h  v a r i o u s  compounds) a r e  due  t o  
t h e  p r e s e n c e  o f  d i f f e r e n t ’ fo rm s  o f  c y to c h ro m e  P - 4 5 0 .  I t  i s  
b e l i e v e d  t h a t  t h e r e  i s  a number o f  is o z y m e s  w h ich  d i s p l a y  
o v e r la p p in g  s u b s t r a t e  s p e c i f i c i t i e s ,  b u t  d i f f e r e n t
f
■ e l e c t r o p h o r e t i c  m o b i l i t i e s ,  im m u n o lo g ic ^ n d  c a t a l y t i c  
a c t i v i t i e s .  In  r a t  l i v e r  m ic ro som es, some o f  th e s e  P -4 5 0  
iso zym es  w ere  fo u n d  t o  be i n d u c i b l e  by a v a r i e t y  o f  d i f f e r e n t  
s u b s t r a t e s ;  p h e n o b a r b i t a l  (G u e n g e r ic h ,  1977 ; Ryan e t  a l . ,
1979; West e t '  a l . ,  1 9 7 9 ;  E ls h o u rb a g y  and G u z e l i a n ,  1980 ;  
H arad a  and Omura, 198 1 ;  V la s u k  e t  a l . ,  1 9 8 2 ) ,  3 —m e t h y lc h o la n -  
t h r e n e  (G u s ta fs s o n ,  1977 ; M asuda-M ikaw a e t  a l . ,  1979; Ryan 
e t  a l . ,  1979; E ls h o u rb a g y  and G u z e l i a n ,  1980 ; W o l f f  e t  a l . ,  
1980; H a ra d a  and Omura, 1 9 8 1 ) ,  i s o s a f r o l e  (Ryan e t  a l . ,  1980;  
F is h e r  e t  a l . ,  198 1 ;  G o ld s t e in  e t  a l . ,  1982 ; Dannan e t  a l . ,  
1 9 8 3 ) ,  p re g n e n o lo n e  1 6 0 5 - c a r b o n i t r i l e  (E ls h o u rb a g y  and  
G u z e l ia n ,  198 0 ;  Dannan e t  a l . ,  1 9 8 3 ) ,  B—n a p h th o f la v o n e  
(Dannan e t  a l . ,  1 9 8 3 ) ,  and A r o c lo r  1 2 5 4 ,  a \ p o l y c h l o r i n a t e d  
b ip h e n y l  m ix t u r e  (Ryan e t  a l . ,  1 9 8 2 ) .  In  u ln t re a te d  r a t  l i v e r  
m icrosom es, s e x - s p e c i f i c  fo rm s  o f  P - 4 5 0  h a v ®  been i s o l a t e d .  
M a le - t y p e  P—4 5 0  was c h a r a c t e r i z e d  i n  a d u l t  m a i«  r a t s  (Cheng  
and Schenkman, 198 2 ;  K a m a ta k i e t  a l . ,  1983) a n d \ a d u l t  m a le s  
c a s t r a t e d  a t  f o u r  weeks o f  age (Chung e t  a l . ,  1981) w h i l e  
fe m a le —t y p e  P - 4 5 0  was i s o l a t e d  f ro m  a d u l t  f e m a le  r a t s  (Cheng
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and Schenkman, 1982 ; K a m a ta k i e t  a l . ,  198 3 )  and a d u l t  m a le s  
c a s t r a t e d  a t  b i r t h  (Chung e t  a l . ,  1 9 8 1 ) .  The c o n c e n t r a t i o n s  
o-f t h e s e  s e x - s p e c i f  i c  * fo rm s  o-f P -4 3 0  i n  t h e  r a t  l i v e r  a r e  
r e p o r t e d l y  a g e - r e l a t e d  (h a e d a  e t  a l . ,  198 4 ;  K a m a ta k i e t  a l . ,  
1 9 8 5 ) .  S i m i l a r  c o n c e n t r a t i o n s  o f  "P 450—m a le "  and " P 4 5 0 -  
f e m a le "  a r e  fo u n d  i n  r a t s  o f  b o th  s e x e s  f ro m  b i r t h  u n t i l  Day  
30  o f  l i f e .  T h e r e a f t e r ,  t h e  m a le - t y p e  is o zy m e  i n c r e a s e s  in  
t h e  m a le  w h i l e  t h e  f e m a l e - t y p e  iso zym e  in c r e a s e s  i n  t h e  
f e m a le  (Maeda e t  a l . ,  1 9 8 4 ) .  In  a d d i t i o n ,  t h e r e  seems t o  be  
a p o s i t i v e  c o r r e l a t i o n  betw een  t h i s  p o s t n a t a l  d e v e lo p m e n t o f  
s e x - s p e c i  f . ic  c y to c h ro m e  P -4 5 0  and t h e  d e v e lo p m e n t  o f  s e x -  
s p e c i f i c  enzyme a c t i v i t i e s .  The r a t e  o f  a m in o p y r in e  
N - d e m e t h y l a t io n ,  f o r  i n s t a n c e ,  does n o t  i n c r e a s e  d r a m a t i c a l l y  
i n v’* th e  male, r a t  u n t i l  a f t e r  30 days  o f  age  (K am atak i e t  a l . , 
198 3 ; Maeda e t  a l . ,  1 9 8 4 ) .  Thus, i t  i s  t e m p t in g  t o  s p e c u la t e  
t h a t  t h e  s e x u a l l y - d i f f e r e n t i a t e d  m e ta b o l is m  o f  d ru g s  i n  t h e  
l i v e r  o f  t h e  r a t  i s  i n f l u e n c e d ,  a t  l e a s t ' i n  p a r t ,  by t h e  
e x i s t e n c e  o f  s e x - s p e c i f i c  fo rm s  o f  c y to c h ro m e  P - 4 5 0 .
The h e p a t i c  m e ta b o l is m  o f  d ru g s  and s t e r o i d s  in  t h e  r a t  
has lo n g  been known t o  be s e x u a l l y - d i f f e r e n t i a t e d  (A x e l r o d ,  
1 95 6 ;  Y a te s  e t  a l . ,  1 95 8a ; K a to  and G i l l e t t e ,  1965;
Schenkman e t  a l . ,  1 9 6 7 ;  D a v ie s  e t  a l . ,  196 8 ;  K a to  and Onoda, 
197 0 ;  G i l l e t t e  e t  a l . ,  1972; E l 'D e f r a w y  E l  M asry  and  
M a n n e r in g ,  1974; C o lb y ,  1980; S k e t t  and G u s ta fs s o n ,  1 9 8 0 ) . .  
The a c t i v i t y  o f  P 450—d e p e n d e n t  enzymes i s  g e n e r a l l y  g r e a t e r
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i n  * d u l ±  m a le s  th a n  i n  a d u l t  fe m a le s  and t h e  r e v e r s e  i s  t r u e  
f o r  t h e  - s t e r o i d  h y d ro g e n a s e  s y s te m . M ax im a l enzyme  
v e l o c i t y  (Vmax) f o r  e t h y lm o r p h in e  and a m in o p y r in e  
N -d e m e th y la s e  and h e x o b a r b i t a l  h y d r o x y la s e  i s  g r e a t e r  in  
a d u l t  m a le s  th a n  i n  a d u l t  fe m a le s  w h e re a s  t h e  a p p a r e n t  Km i s  
l e s s e r  (Schenkman e t  a l . ,  1967; D a v ie s  e t  a l . ,  1968; K a to  and 
□noda, 1 9 7 0 ) .  C a s t r a t i o n . o f  a d u l t  m a les  d e c r e a s e s  t h e  Vmax 
and i n c r e a s e s  t h e  a p p a r e n t  Km f o r  .P 4 5 0 —d e p e n d e n t  enzymes  
w h ereas  t h e  a d m i n i s t r a t i o n  o f  t e s t o s t e r o n e  t o  t h e  c a s t r a t e d
t  •
a d u l t s  r e s t o r e s  t h e s e  p a r a m e te r s  t o  t h e  l e v e l  fo u n d  in  t h e  
i n t a c t  m ale  (K a to  and Onoda, 1970; E l D e fra w y  E l M asry  and  
M .annering , 1 9 7 4 ) .  C a s t r a t i o n  o f  a d u l t  f e m a le s  has l i t t l e  o r  
no e f f e c t  on e i t h e r  o f  t h e  tw o k i n e t i c  p a r a m e te r s .
C a s t r a t i o n  o f  m a les  a t  b i r t h  a l s o  d e c re a s e s  t h e  r a t e s  a t  
w hich a m in o p y r in e ,  h e x o b a r b i t a l ,  and e t h y lm o r p h in e  a r e  
m e t a b o l iz e d  and t h i s  e f f e c t  o f  c a s t r a t i o n  i n  t h e  n e o n a ta l  
p e r io d  i s  i r r e v e r s i b l e  as  t r e a t m e n t  w i t h  t e s t o s t e r o n e  in  
a d u lth o o d  does n o t  r e s t o r e  th p  Vmax and t h e  a p p a r e n t  Km t o  
th o s e  fo u n d  i n  t h e  i n t a c t  m a le  (Chung e t  a l . ,  1 9 7 5 ) .
How ever, t h e  a d m i n i s t r a t i o n  o f  t e s t o s t e r o n e  t o  t h e  c a s t r a t e d  
pups i n  t h e  n e o n a t a l  p e r io d  r e s u l t s  in  an a p p a r e n t  Km and a 
Vmax s i m i l a r  t o  t h o s e  f o r  t h e  enzyme in  t h e  i n t a c t  m ale  
(Chung e t  a l . ,  1975; Chung, 1 9 7 7 ) .
Sex d i f f e r e n c e s  in  h e p a t i c  s t e r o i d  m e ta b o l is m  w ere a l s o  
s t u d i e d .  In  c o n t r a s t  t o  t h e  P 450—d e p e n d e n t  enzym es, t h e




m e t a b o l ic  a c t i v i t y  o-f A ^  - s t e r o i d  h y d ro g e n a s e s  ( e . g . ,  50C -  
r e d u c t a s e )  i s  3 - 1 0  t im e s  g r e a t e r  i n  a d u l t  - fem a les  th a n  in  
a d u l t  m a le s  ( Y a te s  e t  a l . ,  1958a ; T ro o p ,  1 9 5 8 ) .  Y a te s  and 
c o -w o r k e r s  (1 9 5 8 a )  s u g g e s t  t h a t  t h i s  d i f f e r e n c e  may be due t o
I I
a h i g h e r  c o n c e n t r a t i o n  o f  t h e  A  - s t e r o i d  h y d ro g e n a s e s  m  
t h e  l i v e r s  o f  fe m a le s  th a n  i n  m a le s .  H o w ever, t h e y  h a v e  n o t  
i s o l a t e d  and m easured t h e  amount o f  th e -e n z y m e  i n  t h e  l i v e r ,  
t h u s ,  t h e  m o le c u la r  b a s is  f o r  t h e  sex d i f f e r e n c e s  i n  t h e  
a c t i v i t i e s  o f  t h e  A ^ —s t e r o i d  h y d ro g e n a s e s  i s  s t i l l  an open 
q u e s t io n .  C a s t r a t i o n  o f  a d u l t  m a le s  in c r e a s e s  t h e  a c t i v i t y  
o f  5 C - r e d u c t a s e  an 1 1 - d e a x y c o r t i c o s t e r o n e  w h ereas  t r e a t m e n t  ' 
w ith  t e s t o s t e r o n e  re d u c e s  t h e  a c t i v i t y  t o  t h a t  o f  t h e  i n t a c t  
m ale  ( Y a t e s  e t  a l . ,  1 9 5 8 a ) .  In  f e m a le s ,  n e i t h e r  c a s t r a t i o n
n o r  t e s t o s t e r o n e  t r e a t m e n t  has  any s i g n i f i c a n t  e’f f e c t .  
M o re o v e r ,  c a s t r a t i o n  o f  m a les  a t  b i r t h  i r r e v e r s i b l y  in d u c e s  
a f e m a le  p a t t e r n  o f  s t e r o i d  m e ta b o l is m  (DeMoor and D e n e f ,
1968; D enef and DeMoor, 1972; S u s ta fs s o n  and S te n b e r g ,  1 9 7 4 a ) .  
T h is  e f f e c t  o f  n e o n a ta l  t e s t e c t o m y  i s  a b o l i s h e d  by t h e  
a d m i n i s t r a t i o n  o f  t e s t o s t e r o n e  in  t h e  n e o n a t a l  p e r i o d .  .
T h ese  sex d i f f e r e n c e s  in  d rug  and s t e r o i d  m e ta b o l is m  a r e  
n o t  d e t e c t e d  in  t h e  r a t  u n t i l  a b o u t  Day 30  o f  l i f e  ( B e l l  and 
E c o b ic h o n , 1974; S te n b e r g ,  1 9 7 6 ) .  C o n s e q u e n t ly ,  t h e  n e o n a ta l  
e f f e c t  o f  and ro gen  i s  n o t  e x p re s s e d  u n t i l  a ro u n d  30  days o f  
age w h ereas  t h e  e f f e c t  o f  t e s t o s t e r o n e  in  t h e  a d u l t  a n im a l  i s  
o b s e rv e d  w i t h i n  a  few  days  (B erg  and G u s ta fs s o n ,  1 9 7 3 ) .
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T hu s , t h e  a c t i o n s  o f  ’ an d ro getfs  i n  t h e  n e o n a t a l  p e r io d
a p p e a r  t o  have  tw o  com ponents ■ (E in a r s s o n  e t  a l . ,  1973; Chung
e t  a l . ,  1 9 7 5 ) .  P a r t  o f  and ro gen  a c t i o n  p e rm a n e n tly .
" m a s c u l in iz e s "  t h e  b a s a l  l e v e l s  o-f a c t i v i t y  o-f d r u g -  and
s t e r o i d - m e t a b o l  i z i o g  enzym es. V liascu l i n i z a t i o n "  may be
d e f in e d  as  a ^ l a r g e  Vmax a n d ,a  s m a l l  a p p a r e n t  Km f o r  P 450—
d ep en d en t enzymes and a s m a l l  Vmax and a l a r g e  a p p a r e n t  Km
f a r  A ^ - s t e r o i d  h y d ro g e n a s e s  ( r e l a t i v e  t o  the* enzymes in  r a t s
d e p r iv e d  o f  an d ro g en  i n  t h e  n e o n a ta l  p e r i o d ,  i . e . ,  i n t a c t
f e m a l e s ) . The second com ponent o f  and ro gen  a c t i o n
p e r m a n e n t ly  i n c r e a s e s  t h e  s e n s i t i v i t y  o r  r e s p o n s iv e n e s s  o f
t h e  enzyme t o  an d ro g en s  in  t h e  a d u l t  such t h a t  t h e s e  s t e r o i d s .
f u r t h e r  in c r e a s e  t h e  Vmax and d e c re a s e  t h e  a p p a r e n t  Km f o r
P 4 5 0 -d e p e n d e n t  enzymes and f u r t h e r  d e c re a s e  t h e  Vmax and
4
i n c r e a s e  t h e  a p p a r e n t  Km f o r  A  - s t e r o i d  h y d ro g e n a s e s .  In  
o t h e r  w ords , t h e r e  i s  f u r t h e r  m a s c u l i n i z a t i o n  due t o  
r e s g o n s iv e n e s s  t o  an d ro g e n s  i n  t h e  a d u l t .  These- ^wo 
com ponents o f  t h e  a c t i o n  o f  a n d ro g e n s  i n  t h e  n e o n a ta l  p e r io d '  
d e f i n e  t h e  " i m p r i n t i n g "  o f  h e p a t i c  d rug  and s t e r o i d  
m e ta b o lis m  in  t h e  r a t .
The e f f e c t s  o f  e s t r o g e n s  on h e p a t i c  d ru g  and s t e r o i d  
m e ta b o lis m  a r e  n o t  as  c l e a r  as  t h o s e  o f  a n d ro g e n s .
E x p e r im e n ts  h a v e  d e m o n s tra te d  t h a t  s im u lta n e o u s  
a d m i n i s t r a t i o n  o f  e s t r a d i o l  o r  d i e t h y l s t i 1b e s t r o l  and 
t e s t o s t e r o n e  p r e v e n t  t h e  s t i m u l a t o r y  a c t i o n  o f  t h e  an d ro g en
9
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on t h e  m e ta b o l is m  o f  most d ru g s  i n  c a s t r a t e d  m a le  r a t s  (K a to  
and Onoda, 197 0 ; E l  De-frawy E l  M asry  and M a n n e r in g ,  1 9 7 4 ) .  
The e f f e c t s  o f . - e s t r o g e n  on h e p a t i c  s t e r o i d  m e ta b o l is m  in  
c a s t r a t e d  m a les  a r e  c o n f l i c t i n g .  E u s ta fs s o n  and S te n b e rg  
(1 9 7 6 a )  r e p o r t e d  t h a t  1 .4 5  um oles o f  e s t r a d i o l  b e n z o a te  (p e r  
pup on Day 2 o f  l i f e )  in d u c e s  a m a le - t y p e  o f ' h e p a t i c  s t e r o i d  
m e ta b o l is m  in  c a s t r a t e d  m a le  pups. On t h e  o t h e r  hand, 2 0  ug 
o f  1 7 B - ^ s t r a d i o l  d i p r o p i o n a t e  was i n e f f e c t i v e  in  i m p r i n t i n g  
t h e  Vmax and t h e  a p p a r e n t  Km o f  e t h y lm o r p h in e  N—d e m e th y la s e  
( C h u n g , ' 1 9 7 7 ) .  F u r t h e r m o r e ,  o t h e r  i n v e s t i g a t o r s  r e p o r t e d  
d e c re a s e s  in  b o th  d ru g  and s t e r o i d  m e ta b o l is m  f o l l o w i n g  
e s t r o g e n - t r e a t m e n t  o f  o v a r ie c t o m iz e d  f e m a le s  (E l  D e fra w y  E l  
M asry  e t  a l . ,  1974; E in a r s s o n  e t  a l . ,  1975 ) w h i l e  o t h e r s  
fo u n d  no e f f e c t  (B erg  and E u s ta fs s o n ,  1 9 7 3 ) .  Lax and 
co—w o rk e rs  (1 9 8 3 )  r e p o r t e d  t h a t  e s t r o g e n s  a t  low doses (<10  
u g / r a t )  had a n t i a n d r o g e n ic  a c t i o n s  on 5C5—r e d u c ta s e  a c t i v i t y  
b u t  t h a t  h ig h  doses o f  E2 (>10  u g / r a t )  s u b s t a n t i a l l y  
s u p p re s s e d  t h e  a c t i v i t y  o f  t h e  enzym e. H g w ever, as w i l l  be  
seen l a t e r ,  e s t r o g e n s  ( e s t r a d i o l ,  i n  p a r t i c u l a r )  p l a y  a 
m a jo r  r o l e  in  t h e  i m p r i n t i n g  o f  h e p a t i c  dicug .and s t e r o i d  
m e ta b o l is m  in  t h e  r a t .
Chung (1 9 7 7 )  s t u d i e d  t h e  i m p r i n t i n g  o f  e t h y l  m o rp h in e  
N—d e m e th y la s e  in  t h e  W is t a r  r a t .  C a s t r a t i o n  o f  m ale  pups  
w i t h i r v - 2 4  h o u rs  o f  b i r t h  d e c re a s e d  t h e  b a s a l  Vmax and  
in c r e a s e d  t h e  b a s a l  a p p a r e n t  Km o f  t h e  m ic ro so m a l enzyme
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r e l a t i v e  t o  t h a t  i n  i n t a c t  a d u l t  m a le s . '  T h e se  c a s t r a t e d  pups
d id  n o t  re sp o n d  t o  an d ro g en  a d m in is t e r e d  in  a d u l th o o d .
*■
H ow ever, t r e a t m e n t  o f  tA e  c a s t r a t e d  n e o n a te s  w i t h  
t e s t o s t e r o n e  p r o p io n a t e  (TP) on Days 2 ,  4 ,  12, and 14 o f  l i f e  
p e r m a n e n t ly  m a s c u l in iz e d  t h e  b a s a l  l e v e l s  o f  t h e  Vmax and t h e
w'1
.a p p a r e n t  Km and a l s o  in c r e a s e d '  t h e  r e s p o n s iv e n e s s  o f  t h e  
enzyme t o  an d ro g en s  in  t h e  a d u l t .  Thus , TP e f f e c t i v e l y  
im p r in t e d  t h e  N - d e m e t h y la t io n  o f  e t h y lm o r p h in e .  On t h e  ■ 
o t h e r  h an d , 1 7 B - e s t r a d i o l  d i p r o p i o n a t e  g iv e n  t o  c a s t r a t e d  
m ale pups on Days 2 and 4 o f  l i f e  d id  n o t  e f f e c t  i m p r i n t i n g .  
T h is ,  f o r  re a s o n s  t o  be p r e s e n te d  l a t e r ,  i s  a s i g n i f i c a n t  
o b s e r v a t io n .
More e x t e n s i v e  s t u d i e s  h av e  been made on t h e  i m p r i n t i n g  
of" h e p a t i c  s t e r o i d  m e ta b o l is m  in  r a t s  (DeMoor and D e n e f , .
1968; D enef and DeMoor, 197 2 ;  E in a rs s o n  e t  a l . ,  1973;  
S u s ta fs s o n  and S te n b e r g ,  197 4a , 197 4 c , 1 97 6a ; G u s ta fs s o n  e t
a l . ,  1 9 7 5 a ) .  E in a r s s o n  and c o -w o r k e r s  <1973) c l a s s i f i e d  
h e p a t i c  s t e r o i d - m e t a b o l i z i n g  enzymes i n t o  t h r e e  g ro u p s  based  
on t h e i r  i m p r i n t i n g  c h a r a c t e r i s t i c s .  The f i r s t  group  o f  
enzymes (whose a c t i v i t y  i s  g e n e r a l l y  h ig h e r  in  m a les  .th an  in  
fe m a le s )  w ere  t o t a l l y  d ep en d en t  on c o n t in u o u s  e x p o s u re  t o  
an d ro g en s  such t h a t  c a s t r a t i o n  in  e i t h e r  t h e  n e o n a t a l  p e r io d  
o r  in  a d u lth o o d  a b o l is h e d  sex d i f f e r e n c e s  ( e . g . ,  2 B -  and 
18—h y d r o x y la s e s  a c t i v e  on 5 0 C -a n d r o s ta n e —30C , 17B—d i o l ) . The  
second group  o f  enzymes “(w hose  a c t i v i t y  was g e n e r a l l y  g r e a t e r
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i n  m ale  th a n  i n  f e m a le  r a t s ) (was p r i m a r i l y  r e g u l a t e d  by  
an d ro g e n s  in  t h e  n e o n a t a l  p e r i o d .  P o s t p u b e r t a l  t e s t e c t o m y  
' d i m i n i s h e d  b u t  d id  n o t  a b o l i s h  t h e  sex d i f f e r e n c e s  in  enzyme  
a c t i v i t i e s .  To re d u c e  t h e s e  enzyme a c t i v i t i e s  t o  t h e  fe m a le  
l e v e l ,  c a s t r a t i o n  had t o  be p e r fo rm e d  in  t h e  n e o n a t a l  p e r i o d .  
Some e x a m p le s  o f  t h i s ’ g ro u p  o f  enzymes . in c T u d e  205 - h y r o x y l a s e
r
a c t i v e  on S O S -a n d ro s ta n e -3 C C  , 1 7 B - d io l  and t h e  17B -  
h y d r o x y s t e r o i d  r e d u c t a s e  a c t i v e  on 4 - a n d r o s t e n e - 3 ,  1 7 - d io n e .  
The t h i r d  g roup  o f  enzymes was s l i g h t l y  more a c t i v e  in  fe m a le  
th a n  in  m a le  r a t a  These  enzymes w ere  t o t a l l y  in d e p e n d e n t  o f  
p re s e n c e  o f  a n d ro g e n s  such t h a t  n e i t h e r  n e o n a t a l  nor  
p o s t p u b e r t a l  c a s t r a t i o n  s i g n i f i c a n t l y  a f f e c t e d  enzyme  
a c t i v i t i e s .  In c lu d e d  i n  t h i s  c a t e g o r y  o f  enzymes a r e  70C -
tO
h y d r o x y la s e  a c t i v e  on c h o le s t e n o l  and t h e  1 6 0 C -h y d r o x y la s e  
a c t i v e  on 4 - p r e g n e n e - 3 , 2 0 —d io n e .
G u s ta fs s o n  and S te n b e r g  (1 9 7 4 a )  f u r t h e r  c l a s s i f i e d . ,  t h e  
enzymes o f  t h e  second c a t e g o r y  i n t o  t h r e e  s u b c la s s e s  based on 
t h e i r  s e n s i t i v i t y  to w a rd  " p o s i t i v e  i m p r i n t i n g "  ( i r r e v e r s i b l e  
i n d u c t i o n )  and " n e g a t i v e  i m p r i n t i n g "  ( i r r e v e r s i b l e  
s u p p r e s s i o n ) .  S e n s i t i v i t y  was a s s esse d  in  te rm s  o f  t h e  dose  
o f  TP and t h e  amount o f  t im e  r e q u i r e d  t o  i m p r i n t  enzyme  
a c t i v i t y .  Thu s , t h e  f i r s t  subgroup  o f  i m p r i n t a b l e  enzymes i s  
im p r i n t e d . b y  a low  dose o f  TP ( 0 .1 4 5  u m o le /p u p  g iv e n  as  a 
s i n g l e  sc i n j e c t i o n  on- Day 2 o f  l i f e )  and t h e  w h o le  p ro c e s s  
i s  r e p o r t e d l y  co m p le te ,  in  seven  d a y s .  A good exam ple  in  t h i s
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c a t e g o r y  i s  t h e  5 0 5 —r e d u c t a s e  .w h ich  e x h i b i t s  a low  b a s a l  
a c t i v i t y  l e v e l  .and a h ig h  s e n s i t i v i t y  .to an d ro g en  in  
a d u lth o o d  i n  re s p o n s e  t o  t h e  i m p r i n t i n g  e f f e c t  o f  
t e s t o s t e r o n e  in  t h e  n e o n a ta l  p e r i o d .  The second s u b c la s s ,  
t y p i f i e d  by 1705- h y d r o x y s t e r o i d  r e d u c t a s e  and 5 B - r e d u c ta s e  
a c t i v e  on 4 - a n d r o s t e n e - 3 , 1 7 - d i o n e ,  r e q u i r e  a  r e l a t i v e l y  
l a r g e r  dose o f  TP ( 1 . 4 5  u m o le s /p u p )  and a r e  b e l i e v e d  t o  be  
c o m p le t e ly  i m p r in t e d  by Day 7 o f  l i f e .  The t h i r d ‘subgroup  o f  
i m p r i n t a b l e  enzym es, e x e m p l i f i e d  by 1605- h y d r o x y la s e  a c t i v e  
on 4 - a n d r o s t e n e - 3 , 1 7 - d i o n e ,  does n o t  c o m p le te  t h e  i m p r i n t i n g  
p ro c e s s  u n t i l  14 t o  oO days  p o s t - p a r t u m .
G u s ta fs s o n  and S te n b e rg  (1 9 7 6 a )  c o n t in u e d  t o  s tu d y  th e  
i m p r i n t i n g  e f f e c t s  o f  v a r i o u s  sex s t e r o i d s  on h e p a t i c  s t e r o i d  
m e ta b o lis m  in  t h e  r a t .  They o b s e rv e d  t h a t  5 0 5 - d i h y d r o t e s t o s ­
te r o n e  p r o p i o n a t e  (D H T ) , e s t r a d i o l  b e n z o a te  (E2) , and  
t e s t o s t e r o n e  p r o p io n a t e  (T P ) ,  each g iv e n  (s c )  a t  1 .4 5  u m o le s /  
pup on Day 2 p o s t - p a r t u m ,  were' e f f e c t i v e  i n  in d u c in g  a m ale  
t y p e  o f  s t e r o i d  m e ta b o l is m  in  t h e  r a t  l i v e r .  T hu s , in  
c o n t r a s t  t o  t h e  o b s e r v a t io n  made by Chung (1 9 7 7 )  t h a t  17B -  
e s t r a d i o l  d i p r o p i o n a t e  d id  n o t  i m p r i n t  h e p a t i c  drug  
m e ta b o l is m , e s t r a d i o l  b e n z o a te  was e f f e c t i v e  i n  i m p r i n t i n g  
h e p a t i c  s t e r o i d  m e ta b o l is m .  W h eth er  o r  n o t  t h i s  i s  an 
i n d i c a t i o n  t h a t  t h e  m ech an ism (s )  g o v e r n in g  t h e  i m p r i n t i n g  o f  
drug and s t e r o i d  m e ta b o l is m  d i f f e r ( s )  f r o m 'e a c h  o t h e r  i s  one  
o f  t h e  o b j e c t i v e s  o f  t h i s  p r o j e c t .  N e v e r t h e l e s s ,  t h e  f a c t
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t h a t  t h e s e  enzymes w ere  i m p r i n t e d  by e s t r a d i o l  b e n z o a t e  
r a i s e s  some q u e r y  as  t o  w h ich  sex  s t e r o i d s ,  a n d ro g e n s  o r  
e s t r o g e n s ,  a r e  t h e  a c t i v e 5i m p r i n t i n g  a g e n t s .
S i n c e  t h e r e  i s  l i m i t e d  i n - f o r m a t io n  on t h e  i m p r i n t i n g  
e f f e c t s  a *  sex s t e r o i d s  on h e p a t i c  m e t a b o l is m  i n  t h e  r a t ,  we
# I
s h a l l  e x a m in e  t h e  a c t i o n s  o-f g o n a d a l  hormones on o t h e r
\
a s p e c t s  o-f.. d e v e lo p m e n t  such as  sexua l ,  b e h a v i o u r  and 
g o n a d o t r o p i n - s e c r e t i o n  i n  o r d e r  t o  b e t t e r  u n d e r s ta n d  t h e  
i m p r i n t i n g ,  by sex s t e r o i d s ,  o-f. h e p a t i c  m icrosom al  enzymes.  
T e s t o s t e r o n e  has  t r a d i t i o n a l l y  been c o n s i d e r e d  t h e  hormone  
r e g u l a t i n g  m a s c u l i n e  b e h a v i o u r .  E a r l y  work by G o r s k i  (1 9 6 6 )  
r e p o r t e d  t h a t  t h e  n e o n a t a l  a d m i n i s t r a t i o n  o-f TP in d u c e d  an 
a c y c l i c  p a t t e r n  ( i . e . ,  m a le  p a t t e r n )  o-f FSH and LH r e l e a s e .  
The e x t e n t  o f  - the se  e f f e c t s  w ere  b o t h  d o s e -  and a g e - d e p e n d e n t  
( A r a i  and G o r s k i ,  1 9 6 8 ) .  M o r e o v e r ,  s i n c e  m a s c u l i n e  s e x u a l  
d e v e lo p m e n t  o c c u r s  i n  i n t a c t  m a les  and i n  m a le s  t r e a t e d  w i t h  
exogenous TP a t  t h e  same s t a g e s  o f  d e v e lo p m e n t  ( L u t t g e  and
# 4 «
W halen ,  1 9 7 0 ) ,  i t  i s  g e n e r a l l y  a c c e p t e d  t h a t  t e s t i c u l a r  
t e s t o s t e r o n e ,  t h e  p r i m a r y  and ro gen  s e c r e t e d  by t h e  n e o n a t a l  
r a t  t e s t e s  (Resko e t  a l . ,  1 9 6 8 ) ,  i s  t h e  c r i t i c a l  
m a s c u l i n i z i n g  a g e n t .
T h i s  b a s i c  h y p o t h e s i s  has  l e d  many i n v e s t i g a t o r s  t o  
exam ine  t h e  p o s s i b i l i t y  t h a t  o t h e r  a n d ro g e n s  m a s c u l i n i z e .  
A n d r o s t e n e d i o n e  has been r e p o r t e d  t o  be e q u a l l y  e f f e c t i v e  as  
t e s t o s t e r o n e  i n  m a i n t a i n i n g  norm al  m a le  sex b e h a v i o u r  in  t h e
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r a t  (Whalen and L u t t g e ,  1 9 7 1 ) .  On t h e  o t h e r  hand,  d i h y d r o -  
t e s t o s t e r o n e  (D H T ) ,  w h i l e  m a i n t a i n i n g  m a le  a c c e s s o r y  o r g a n s ,  
was i n e f f e c t i v e  i n  a c t i v a t i n g  s e x u a l  b e h a v io u r ,  i n  t h e  
i n e x p e r i e n c e d ,  c a s t r a t e d  .male (McDonald e t  a l . ,  1970;  F e d e r ,  
1971)  and i n  m a i n t a i n i n g  m a t in g  befhav iour  i n  t h e  m a le  r a t  
c a s t r a t e d  a f t e r  'sexua l  e x p e r i e n c e  (Whalen and L u t t g e ,  1 9 7 1 ) .  
S w e r d l o f f  and c o - w o r k e r s  ( 1 9 7 2 ) ,  h o w e v e r ,  h av e  shown DHT t o  
be mere p o t e n t  th a n  t e s t o s t e r o n e  i n  s u p p r e s s i n g  serum LH 
l e v e l s  w h i l e  e q u i p c t e n t  t o  TP i n  s u p p r e s s i n g  FSH. T h i s  
s u g g e s ts  t h a t  t h e  m echan ism (s )  g o v e r n i n g  s e x u a l  b e h a v i o u r  
d i f f e r ( s )  f ro m  t h a t  g o v e r n in g  g o n a d o t r o p i n  s e c r e t i o n .
S e v e r a l  s t u d i e s  have  a l s o  shown t h a t  t e s t o s t e r o n e  i s  
c o n v e r t e d  o r  a r o m a t i z e d  t o  e s t r a d i o l .  N a f t o l i n  and 
a s s o c i a t e s  (1 9 7 2 )  h av e  d e m o n s t r a t e d  t h a t  t h e  h y p o th a la m u s  o f  
t h e  male r a t  i s  c a p a b l e  o f  a r o m a t i z i n g  a n d ro g e n s  t o  e s t r o g e n s  
which may be i n v o l v e d  in  sex d i f f e r e n t - i - a t i o n  o f  t h e  b r a i n ,  
t h e  i n i t i a t i o n  and m a in te n a n c e  o f  s e x u a l  b e h a v i o u r ,  and 
c o n t r o l  o f  g o n a d o t r o p i n  s e c r e t i o n .  E s t r o g e n  and a r o m a t i z a b l e  
androgens  have  a l s o  been r e p o r t e d  t o  s u p p r e s s  g o n a d o t r o p in  
l e v e l s  i n  c a s t r a t e d  a d u l t  m ales  (Gay and D e v e r ,  1971)  as w e l l  
as  t o  p r e v e n t  t h e  f e m i n i z i n g  e f f e c t s  o f  n e o n a t a l  c a s t r a t i o n  
on s e x u a l  b e h a v i o u r  i n  m a les  ( L e v i n e  and M u l l i n s ,  1 9 6 4 ) .  
F i n a l l y ,  Paup and c o - w o r k e r s  (1 9 7 5 )  have  r e p o r t e d  t h a t  
m a s c u l i n e  c a p u l a t o r y  b e h a v i o u r  i s  f a c i l i t a t e d  t o  a l a r g e  
e x t e n t  by c e n t r a l l y  a c t i n g  a r o m a t i z a b l e  a n d ro g e n s  or
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e s t r o g e n s .
I f . a n d r o g e n s  and e s t r o g e n s  i n f l u e n c e  h e p a t i c  d rug  and  
s t e r o i d  m e t a b o l is m  i n  t h e  r .a t  j u s t  as  t h e y  do a f f e c t  s e x u a l
4 - ^ ,  k
/
b e h a v i o u r  and g o n a d o t r o p i n  r e l e a s e ,  t h e  s i t e  o f  a c t i o n / o f
• <
t h e s e  s t e r o i d s  has  t o  be somewhere a l o n g  t h e  h y p o t h a la m o -  
p i t u i t a r y - 1 i v e r  a x i s .  E a r l y  s t u d i e s  on t h e  b i n d i n g  o f  sex  
s t e r o i d s  t o  s p e c i f i c  r e c e p t o r s  i n  t a r g e t  o r g a n s  (Brucho vsky  
and W i l s o n ,  1968;  G o r s k i  e t  a l . ,  1968;  Jensen  e t  a l . ,  1968;  
T v e t e r  and Unhjem, 1969 ;  G u s ta fs s o n  and P o u s e t t e ,  1975)  l e d  
many i n v e s t i g a t o r s  t o  b p l i e v e  t h a t  t h e  e f f e c t s  o f  sex  
s t e r o i d s  on h e p a t i c  m e t a b o l i s m  a r e  d i r e c t l y  m e d ia te d  by  
s p e c i f i c  r e c e p t o r s  p r e s e n t  i n  t h e  l i v e r .  A n d r o g e n - b i n d i n g  
r e c e p t o r s  have  been d e m o n s t r a t e d  i n  t h e  l i v e r  c y t o s o l  o f  t h e  
m ale  r a t  ( M i l i n  and Roy,  1973;  G u s t a fs s o n  e t  a l . ,  1 9 7 5 b ) ,  
S i m i l a r l y ,  e s t r o g e n  r e c e p t o r s  have  been c h a r a c t e r i z e d  i n  b o th  
t h e  c y t o s o l i c  and n u c l e a r  f r a c t i o n s  o f  m a le  and f e m a l e  r a t  
l i v e r  (Chamness e t  a l . ,  1975;  E i s e n f e l d  e t  a l . ,  1976;  D icks on
N. 'e t  a l . ,  1 9 7 9 ;  P o w e l l - J o n e s  e t  a l . ,  1 9 8 0 ) .  I n  a d d i t i o n ,  a  
d i s t i n c t  c l a s s  o f  h e p a t i c  s t e r o i d - b i n d i n g  p r o t e i n s  w i t h  a  
h ig h  c a p a c i t y  f o r  b o th  a n d ro g e n s  and e s t r o g e n s  has  been 
d e m o n s t r a t e d  (D ic k s o n  e t  a l . ,  1978;  P o w e l l - J o n e s  e t  a l . , 
1 9 8 0 ) .  The se  s o - c a l l e d  h i g h  c a p a c i t y  low a f f i n i t y  (HCLA) 
b i n d i n g  s i t e s  a r e  r e p o r t e d l y  i m p r i n t e d  by a n d ro g e n s  i n  t h e  
n e o n a t a l  p e r i o d  ( P o w e l l - J o n e s  e t  a l . ,  1981;  S lo o p  e t  a l . ,  
1 9 8 3 ) .  .
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The s i g n i f i c a n c e  o f  t h e s e  h e p a t i c  s t e r o i d  r e c e p t o r s  i n
t h e  i m p r i n t i n g  o f  l i v e r  m e t a b o l is m  i s  r e n d e r e d  d o u b t f u l ,
h o w e v e r ,  by  t h e  f a c t  t h a t  sex s t e r o i d s  do n o t  a f f e c t  h e p a t i c
m e t a b o l is m  i n  h y p o p h y s e c to m iz e d  r a t s .  In  t h e  a b s e n c e  o f  an
i n t a c t  p i t u i t a r y , ^  n e i t h e r  t e s t o s t e r o n e  n o r  e s t r a d i o l  ^
e x h i b i t e d  any  o f  t h e i r  e f f e c t s  on t h e  m e t a b o l is m  of  d rugs
(C o lb y  e t  a l . ,  1973;  Kramer e t  a l . , 1975 ,  1979;  F in n e n  and
H a s s a l l ,  1980 )  and s t e r o i d s  ( D e n e f ,  1974;  Lax e t  a l . ,  1974;
G u s t a fs s o n  and S t e n b e r g ,  1974b ,  1 9 7 6 b ) .  T h e s e  o b s e r v a t i o n s
s u g g e s t  t h a t  sex s t e r o i d s  ‘a c t , . n o t  d i r e c t l y  on t h e  l i v e r ,  bu t
v i a  t h e  p i t u i t a r y .  F u r t h e r m o r e ,  t h e  i m p l a n t a t i o n  o f  an
•
e c t o p i c  p i t u i t a r y  und er  t h e  k i d n e y  c a p s u l e  o f  
h y p o p h y s e c to m iz e d  male  r a t s  f e m i n i z e d  t h e  p a t t e r n  o f  h e p a t i c  
s t e r o i d  m e t a b o l is m  (D e n e f ,  1974;  G u s ta fs s o n  and S t e n b e r g ,  
1976b;  B u rk e  e t  a l . ,  1978;  G u s t a f s s o n  and S k e t t ,  1 9 7 8 ) .
These r e s u l t s  i n d i c a t e  t h a t  t h e  p i t u i t a r y  s e c r e t e s  a  f a c t o r  
i n t o  t h e  g e n e r a l  c i r c u l a t i o n  t o  cau se  “f e m i n i z a t i o n " .
The i d e n t i t y  o f  t h i s  " f e m i n i z i n g  f a c t o r "  o r  
" f e m i n o t r o p i n "  has been i n v e s t i g a t e d  e x t e n s i v e l y  o v e r  t h e  
p a s t  few  y e a r s .  Of t h e  many h y p o p h y s ia l  hormones s t u d i e d ,  
g ro w th  hormone (GH) a p p e a r s  t o  be " f e m i n o t r o p i n " . I n i t i a l  
works by W i ls o n  (1 9 6 9 ,  1973)  i n d i c a t e d  t h a t  GH f e m i n i z e d  
h e p a t i c  d rug  m e t a b o l is m  i n  m a le  r a t s .  T h e r e  was a d e c r e a s e  
in  t h e  r a t e s  o f  e t h y l m o r p h i n e  and a m i n o p y r i n e  N - d e m e t h y l a t i o n  
as w e l l  as  t h a t  o f  h e x o b a r b i t a l  h y d r o x y l a t i o n .  S ubsequent
1
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s t u d i e s  have  con-f i rm ed t h e  - f e m i n i z i n g  e f f e c t  o f  exogenous  GH 
on b o th  h e p a t i c  d rug  and s t e r o i d  m e t a b o l is m  i n  t h e  m a le  r a t  
(Kramer and C o l b y ,  1976;  Rumbaugh and C o lb y ,  1980;  Mode e t
I
a l . , 1981.; Lax e t  a l . , 1983;  V i r g o ,  1 9 8 5 ) .  -Mode and
»
c o - w o r k e r s  ( 1 9 8 3 )  f r a c t i o n a t e d  p i t u i t a r y  e x t r a c t s  and found  
t h a t  o n l y  5H was a b l e  t o  f e m i n i z e  t h e  a c t i v i t y  o f  5CC -  
r e d u c t a s e .  M o r e o v e r ,  i t  was d e m o n s t r a t e d  i n  o u r  l a b o r a t o r y  
t h a t  t h e  f e m i n i z a t i o n  o f  t h e  h e p a t i c  monoxygenase by o v i n e  GH 
i s  due t o  a d e c r e a s e  i n  t h e  s y n t h e s i s  o f  t h e  m a l e - t y p e  
cy toch ro m e  P—450 ( V o c k e n ta n z  and V i r g o ,  1 9 8 5 ) .
In  t h e  f e m a l e  r a t ,  h o w e v e r ,  t h e r e  i s  no s a t i s f a c t o r y  
e v i d e n c e  t h a t  GH e f f e c t s  f e m i n i z a t i o n  o f  h e p a t i c  m e t a b o l is m  
(Kramer  e t  a l . ,  1978;  V i r g o ,  1 9 8 3 ) .  Thus,  t h e  f e m i n i z i n g  
e f f e c t s  o f  GH may be t r u e  o n l y  f o r  t h e  male r a t .  On t h e  
o t h e r  hand,'  t h i s  d o e s ' n o t  s u g g e s t  t h a t  a f e m a l e - s p e c i f i c  form  
of  GH e x i s t s .  T h e r e  i s  no e v i d e n c e  o f  a GH " is o z y m e "  t h a t  
causes  f e m i n i z a t i o n  o f  h e p a t i c  m e t a b o l is m  i n  t h e  f e m a l e  r a t .  
F u r t h e r m o r e ,  i t  has  been d e m o n s t r a t e d  t h a t  GH p u r i f i e d  f ro m  
m ale  o r  f e m a l e  p i t u i t a r i e s  e x h i b i t s ,  t h e  same c h e m ic a l  and 
p h y s i c a l  p r o p e r t i e s  and i s  e q u a l l y  e f f e c t i v e  i n  f e m i n i z i n g  
h e p a t i c  s t e r o i d  m e t a b o l is m  (Mode e t  a l . ,  1 9 8 3 ) .
I t  i s  known t h a t  t h e  s e c r e t o r y  p a t t e r n  o f  GH e x h i b i t s  
s e x - r e l a t e d  d i f f e r e n c e s  (Eden,  1 9 7 9 ) .  I n  a d u l t  m a le  r a t s ,  
l a r g e  GH s u r g e s  o c c u r  a t  r e g u l a r  3 -  t o  4 - h o u r  i n t e r v a l s  and 
t h e  l e v e l s  be tw een  peaks  a r e  low and u n d e t e c t a b l e .  I n  a d u l t





f e m a l e s ,  GH i s  a l s o  s e c r e t e d  e p i s o d i c a l l y  a l t h o u g h  t h e  
i n t e r v a l  be tw een  p e a k s  i s  l o n g e r  t h a n  t h a t  i n  m a le s .  In  
a d d i t i o n ,  t h e  l e v e l s  be tw een p e a k s  a r e  s u b s t a n t i a l l y  h i g h e r  
th a n  t h o s e  o b s e r v e d  i n  a d u l t  m a le s .  Th e s e  s e c r e t o r y  p a t t e r n s  
o f  GH, i n  .both m a le  and f e m a l e  r a t s ,  w ere  a l t e r e d  by  
gonadectomy (Jansson  e t  a l . ,  1 9 8 4 ) .  C a s t r a t i o n  o f  m a le  pups  
on Day 1 o f  l i f e  i n c r e a s e d  GH b a s e l i n e  l e v e l s  and d e c r e a s e d  
GH p u l s e  c o n c e n t r a t i o n  in  t h e  a d u l t .  ‘ On t h e  o t h e r  hand ,  t h e  
n e o n a t a l  c a s t r a t i o n  o f  f e m a l e  pups e l e v a t e d  GH p u l s e s  and 
d e c re a s e d  GH b a s e l i n e  l e v e l s  i n  t h e  a d u l t .  Thus,  sex  
s t e r o i d s  seem t o  i n f l u e n c e  t h e  s e x u a l l y - d i f f e r e n t i a t e d  
p a t t e r n  o f  GH s e c r e t i o n  i n  t h e  a d u l t  r a t s .
I f  g o n a d a l  s t e r o i d s  r e g u l a t e  h e p a t i c  m e t a b o l is m  th r o u g h  
t h e i r  i n f l u e n c e  on t h e  s e c r e t o r y  p a t t e r n  o f  GH i n  a d u l t  r a t s ,  
t h e n ,  p lasm a GH l e v e l s  s h o u ld  i n f l u e n c e  h e p a t i c  m e t a b o l is m  
i n  t h e  r a t .  I t  has  been d e m o n s t r a t e d  t h a t  c a s t r a t i o n ,  o r  
e s t r o g e n i z a t i o n ,  o f  p r e p u b e r t a l  m a le s  i n c r e a s e d  t h e  a c t i v i t y  
o f  h e p a t i c  50C—r e d u c t a s e  i n  c o n c e r t  w i t h  a c o n c o m i t a n t  
i n c r e a s e  i n  minimum p lasm a GH l e v e l s  (Mode e t  a l . ,  1 9 8 2 ) .  In  
o t h e r  w ords ,  th e '  p lasm a  p a t t e r n  o f  GH became s i m i l a r  t o  t h a t
*
i n  i n t a c t  f e m a l e  r a t s .  T r e a t m e n t  o f  g o n a d e c to m iz e d  m a le s  '
^ w i t h  t e s t o s t e r o n e  r e v e r s e d  t h e  abo ve  o b s e r v a t i o n s ,  i . e . ,  5 GS-
r e d u c t a s e  a c t i v i t y  d e c re a s e d  and minimum p lasm a GH l e v e l s  
d e c re a s e d  t o  t h o s e  found  i n  i n t a c t  m a le s .  Thus ,  t h e  s u r g e
%
i n  GH a p p e a r s  t o  be  t h e  m a jo r  d e t e r m i n a n t  o f  f e m i n i z a t i o n  o f
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h e p a t i c  s t e r o i d  m e t a b o l i s m .
>
GH a p p e a r s  t o  a c t  d i r e c t l y  on t h e  l i v e r  t o  f e m i n i z e  
h e p a t i c  d rug  and s t e r o i d  m e t a b o l is m  i n  t h e  r a t .  G H - b in d in g  
p r o t e i n s  have  been i d e n t i f i e d  i n  r a t  h e p a t o c y t e s  (Ranke e t  
a l . ,  1 9 7 6 ) .  I n  t h e  m a le  r a t  l i v e r ,  o n l y  s o m a to g e n ic  b i n d i n g  
s i t e s  a r e  f o u n d .  The se  s p f e c i f i c a l l y  b i n d  g r o w t h - p r o m o t in g  
hormones l i k e  b o v i n e  o r  r a t  GH. In  t h e  f e m a l e  r a t  l i v e r ,  
s o m a to g e n ic  as w e l l  a s  l a c t o g e n i c  b i n d i n g  s i t e s  a r e  p r e s e n t .  
They b i n d  b o v i n e ,  r a t ,  o r  human GH as  w e l l  as  p r o l a c t i n .
A f t e r  t h e  t o r m a t i o n ^ o r  t h e  G H - r e c e p t o r  c o m p le x ,  a b i o l o g i c a l
•ft
s i g n a l  i s  g e n e r a t e d  t h a t  i n i t i a t e s  l i g a n d  d e g r a d a t i o n  and,  
f i n a l l y ,  i n t e r n a l i z a t i o n  o f  t h e  r e c e p t o r  ( H i z u k a  e t  a l . ,
1 9 3 1 ) .
The above r e p o r t s  i n d i c a t e  t h a t  GH i s  t h e  i n t e r m e d i a t e  
f a c t o r  t h a t  r e g u l a t e s  h e p a t i c  m e t a b o l is m  i n  t h e  r a t  and t h a t  
sex s t e r o i d s  a c t  v i a  t h e  p i t u i t a r y  t o  i n f l u e n c e  t h e  p a t t e r n  
o f  GH s e c r e t i o n .  The s i t e  o f  a c t i o n  o f  t h e  s t e r o i d s ,  
h o w e v e r ,  i s  p r o b a b l y  t h e  h y p o th a la m u s ,  n o t  t h e  h y p o p h y s is .  
G u s t a fs s o n  and co—w o r k e r s  (1976 a )  have  d e m o n s t r a t e d  t h a t  
e l e c t r o t h e r m a l  l e s i o n s  o f  t h e  h y p o th a la m u s  i n  m a le  r a t s  a l s o  
f e m i n i z e d  h e p a t i c  s t e r o i d  m e t a b o l i s m .  T h i s  s u g g e s ts  t h a t  t h e  
r e l e a s e  o f  f e m i n o t r o p i n  may be i n h i b i t e d  by t h e  h y p o th a la m u s  
t h r o u g h  a r e l e a s e - i n h i b i t i n g  f a c t o r  ( G u s ta f s s o n  e t  a l . ,
1 97 6a ;  G u s t a fs s o n  e t  a l . ,  1 9 7 7 ) .  Thus ,  i t  would a p p e a r  t h a t  
t h e  i m p r i n t i n g ,  by sex s t e r o i d s ,  o f  h e p a t i c  drug  and s t e r o i d
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m e t a b o l is m  must o c c u r  i n  t h e  h y p o th a la m u s  w h ich  i n  t u r n  a c t s  
on t h e  p i t u i t a r y .  *
G ross  (1 9 8 0 )  r e p o r t e d  t h a t  c a s t r a t i o n  o-f m ale  r a t s
‘ • «
d e c r e a s e d  s o m a t o s t a t i n  (SS) l e v e l s  i n  t h e  median em inence  o-f 
t h e  h y p o th a la m u s .  R e p la c e m e n t  t h e r a p y  w i t h  t e s t o s t e r o n e  
r e s t o r e d  t h e  l e v e l  t o  t h a t  o f  i n t a c t  m a le s .  C o n c o m i t a n t l y ,  
t e s t o s t e r o n e  prom oted  t h e  s t o r a g e  o f  GH i n  t h e  p i t u i t a r y .  In  
- o t h e r  words,  t e s t o s t e r o n e  in d u c e d  SS s y n t h e s i s  and r e l e a s e  
f r o m  t h e  h y p o th a la m u s  w h ich  e v e n t u a l l y  i n h i b i t e d  GH s e c r e t i o n  
f ro m  t h e  p i t u i t a r V .  I t  has  been s u g g e s t e d ' t h a t  t e s t o s t e r o n e
i n f l u e n c e s  h e p a t i c  d rug  m e t a b o l is m  i n  t h e  m a le  r a t  e i t h e r  by
/  • •« 
d e c r e a s i n g  GH l e v e l s  o r  by s u p p r e s s i n g  t h e  a c t i o n  o f  GH on
t h e  l i v e r  ( V i r g o ,  1 9 8 5 ) .  On t h e  o t h e r  h an d ,  t h e  p r e s e n c e  o f
an a n t i s e r u m  t o  SS f e m i n i z e d  h e p a t i c  s t e r o i d  m e ta b o l is m  i n
*
t h e  m a le  r a t  l i v e r  ( G u s ta f s s o n  e t  a l . ,  1 98 3 ;  N o r s t e d t  e t  a l . ,  
1 9 8 3 ) .
These  r e p o r t s  i n d i c a t e  t h a t  t h e  h y p o t h a l a m i c  r e l e a s e -  
i n h i b i t i n g  f a c t o r  t h a t  c o n t r o l s  t h e  s e c r e t i o n  o f  f e m i n o t r o p i n  
f ro m  t h e  p i t u i t a r y  i s ,  p r o b a b l y ,  s o m a t o s t a t i n  which  i n h i b i t s  
t h e  r e l e a s e  o f  GH. T h i s  i s  e s p e c i a l l y  s u p p o r t e d  by t h e  f a c t  
t h a t  t h e  r e g i o n  l o c a l i z e d  by G u s ta fs s o n  - înd co—w o r k e r s  (1 9 7 8 )  
• as  t h e  c o n t r o l  c e n t e r  f o r  h e p a t i c  m e t a b o l i s m  i n  t h e  r a t  
( i . e . ,  t h e  a n t e r i o r  h y p o t h a l a m i c  p e r i v e n t r i c u l a r  a r e a ,  t h e  
s u p r a c h i a s m a t i c  n u c l e u s ,  and a d j a c e n t  a r e a s )  c o n t a i n s  
s o m a t o s t a t i n  c e l l  b o d i e s  p r o j e c t i n g  t o  t h e  median em inence
*






(Johansson and H o k f e l t ,  1 9 8 0 ) .  T h u s ,  i t . ( n a y  w e l l  be t h a t
• r
i m p r i n t i n g  i n c r e a s e s  t h e  r e s p o n s i v e n e s s  o-f t h e  h y p o t h a l a m i c  
s e c r e t a r y  n e u ro n s  t o  sex s t e r o i d s  which  e v e n t u a l l y  lread t o  
i n c r e a s e  i n  t h e  s y n t h e s i s  and r e l e a s e  o-f SS f ro m  t h e  
h y p o th a la m u s .
The p r e s e n c e  o f  s t e r o i d - b i n d i n g  p r o t e i n s  i n  many r e g i o n s  
of  t h e  CNS l e n d  c r e d e n c e  t o  t h e  a c t i o n s  o f  sex s t e r o i d s  a t  
t h e  c e n t r a l  l e v e l .  Androgen r e c e p t o r s  h av e  been d e m o n s t r a t e d  
i n  t h e  b r a i n  (Naess e t  a l . ,  1975;  E u s t a f s s o n  e t  a l . ,  1976b;  
L i e b e r b u r g  e t  a l . , 1 9 8 0 a ) .  I n  a d d i t i o n ,  s p e c i f i c  D H T - b in d in g  
r e c e p t o r s  have  a l s o  been fo u n d  t o  e x i s t  i n  s e v e r a l  r e g i o n s  o f  
t h e  CNS (K a t o  and O n o u c h i ,  1973 ;  L i e b e r b u r g  e t  a l . ,  1 9 7 7 a ) .  
These  r e c e p t o r s  c l e a r l y  m e d i a t e  t h e  a c t i o n s  o f  TP and DHT, 
but* n o t  t h a t  o f  E2.  However ,  t h e  o b s e r v a t i o n  t h a t  e s t r a d i o l  
b e n z o a t e  was a b l e  t o  m a s c u l i n i z e  h e p a t i c  s t e r o i d  m e ta b o l is m  
( E u s t a f s s o n  and S t e n b e r g ,  1976a )  s u g g e s t s  t h a t  t h e  e s t r o g e n  
r e c e p t o r  may be i n v o l v e d  i n  t h e  i m p r i n t i n g  p r o c e s s .
E s t r a d i o l —b i n d i n g  p r o t e i n s  have  been i d e n t i f i e d  b o th  i n  
t h e  c y t o s o l i c  and n u c l e a r  f r a c t i o n s  o f  b r a i n  homogenates  
(Z igmond and McEwen, 1970;  S e n t r y  e t  a ^ p , 1976;  L i e b e r b u r g  
and McEweVi, 1977;  L i e b e r b u r g  e t  a l . , 1 9 8 0 b ) .  These  r e c e p t o r s  
a r e  most h i g h l y  c o n c e n t r a t e d  i n  t h e  h y p o t h a l a m u s - p r e o p t i c
k
a r e a wa m y g d a lo id  r e g i o n .  MacLusky and c o - w o r k e r s  ( 1 9 7 9 a ,  b)  
f r e p o r t e d  t h a t  t h e s e  r e c e p t o r s  a r e  p r e s e n t  i n  l a t e  f e t a l
th r o u g h  e a r l y  p o s t n a t a l  l i f e  as  opposed t o  a nd ro gen  r e c e p t o r s
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which do n o t  i n c r e a s e  i n  c o n c e n t r a t i o n  u n t i l  a f t e r  t h e  - f i r s t  
week o-f l i - f e .
M o r e o v e r ,  enzymes t h a t  c o n v e r t  a n d ro g e n s  t o  e s t r o g e n s  
a r e  p r e s e n t  i n  t h e  b r a i n  ( N a - f t o l i n  e t  a l . ,  1 9 7 2 ) .  These  
a r o in a ia s e s  a r e  most a b u n d an t  i n  t h e  a r e a s  where e s t r o g e n
r e c e p t o r s  a r e  -found i n  h i g h e s t  c o n c e n t r a t i o n s  ( N a - f t o l i n  e t
>
a l . , 1975;  L i e b e r b u r g  and McEwen, 1977;  S e lm a n o f f  e t  a l . ,
f
1977;  R o s e l l i  and Resko,  1 9 8 4 ) .  T h e r e  i s  re a s o n  t o  s p e c u l a t e  
t h a t  t h e  i m p r i n t i n g  a c t i o n  o-f t e s t o s t e r o n e  i n v o l v e s  t h e  
e s t r o g e n  r e c e p t o r  - fo l l o w i n g  a r o m a t i z a t i o n  o-f t h e  an d ro g en  t o  
' e s t r a d i o l ,  DHT, w h ich  i s  n o t  c o n v e r t e d  t o  e s t r o g e n s  i n  t h e  
- r a t  b r a i n  b ec au se  o-f t h e  s a t u r a t i o n  o-f t h e  A - r i n g  ( W h i t e  e t  
a l  . , ?197S) , w ould  p r o b a b l y  i m p r i n t  v i a  t h e  T /DHT r e c e p t o r .  
However ,  t h i s  does  n o t  e x c l u d e  t h e  p o s s i b i l i t y  t h a t  t h e  
e s t r o g e n  r e c e p t o r 1* may a l s o  be i n v o l v e d  i n  i m p r i n t i n g  by  DHT. 
I t  has been r e p o r t e d  t h a t  DHT, a t  h i g h  c o n c e n t r a t i o n s  ( > 0 . 4  
m g / r a t )  , b i n d s  t o  e s t r o g e n  r e c e p t o r s  i n  t h e  u t e r u s  o-f t h e  
im m ature  r a t  and i n d u c e s  n u c l e a r  t r a n s l o c a t i a n  o-f t h e  
r e c e p t o r ,  i n  v i v o  and i n  v i t r o  ( R o c h e f o r t  and G a r c i a ,  1 9 7 6 ) .  
T h i s  r e s e a r c h  work was,  t h e r e f o r e ,  u n d e r t a k e n :
(a )  t o  c h a r a c t e r i z e  t h e  sex s t e r o i d s  t h a t  e f f e c t  
' i m p r i n t i n g  o f  h e p a t i c  d rug  and s t e r o i d  m e t a b o l is m  and
(b)  t o  d e t e r m i n e  w h e th e r  t h e  e f f e c t s  o f  t h e  i m p r i n t i n g  
s t e r o i d s  a r e  m e d ia t e d  th r o u g h  t h e  e s t r o g e n  r e c e p t o r .
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MATERIALS AND METHODS
I .  G e n e r a l  m a t e r i a l s  and methods:
*  ■
A. A n im a ls
* • *
• -r- ■%
W i s t a r  s t r a i n  r a t s  ( C h a r l e s  R i v e r  Canada I n c . ,  S t .  
C o n s t a n t ,  Quebec) w ere  used i n  a l l  e x p e r i m e n t s .  The a n i m a l s  
w ere  k e p t  u n d e r  a  . c o n s t a n t  p h o t o p e r i o d  o-f 12 h o u rs  o-f l i g h t  
( l i g h t s  on a t  0S00  h o u rs )  and 12 h o u rs  o-f "dark and t h e  
q u a r t e r s  w ere  m a i n t a i n e d  a t  2 1 ° C .  A l l  r a t s  w ere  p r o v i d e d  
w i t h  P u r i n a  Lab Chow and t a p  w a t e r  ad 1 i b i t u r n .
T im e -m a te d  - females w ere  housed i n  i n d i v i d u a l  p l a s t i c  
ca g e s  ( 3 S . 1  x 3 3 . 0  x . 1 7 « 1 cm) w i t h  hardwood s h a v in g s  as  t h e  
b e d d in g  m a t e r i a l .  They had - f ree  a c c e s s  t o  -food and t a p  w a t e r  
t h r o u g h o u t  g e s t a t i o n .  On t h e  day o-f b i r t h ,  t h e  pups w ere  
s e p a r a t e d  -from t h e i r  dam and t h e i r  s e x e s  d e t e r m i n e d .  Fem a le  
pups w ere  p l a c e d  i n  an i n c u b a t o r  (D e s p a tc h  - Oven' C o . ,  
M i n n e a p o l i s ,  M in n e s o t a )  w i t h  a  4 0 - w a t t  i n c a n d e s c e n t  b u lb  as  
t h e  h e a t  s o u r c e  ( 2 3 °  - 2 5 ° C ) . M a le  pups u n d e rw e n t  c a s t r a t i o n  
( d e s c r i b e d  b e lo w )  and a 2- h o u r  r e c o v e r y  p e r i o d  i n  t h e  
i n c u b a t o r .  The pups w ere  th e n  r e t u r n e d  t o  t h e i r  dams and 
r a i s e d ,  i n  l i t t e r s  o f  8-10 pups ( e x c e s s  f e m a l e  pups w ere  
k i l l e d ) ,  u n t i l  Day 2 8 ,  when t h e y  w e re  weaned.  W e a n l in g s
-25-
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w ere  housed i n d i v i d u a l l y  i n  suspended,  s t e e l  mesh cag es .
/
B. C h e m ic a ls
\
A l l  t h e  c h e m i c a l s  used i n  t h e  e x p e r i m e n t s  and t h e i r  
s u p p l i e r s  a r e  l i s t e d  i n  Appendix  A. A l l  c h e m i c a l s  were  
a n a l y t i c a l  g r a d e  (AR) o r  b e t t e r .
C. C a s t r a t i o n  o-f newborn pups and o f  a d u l t  r a t s :
u
( i )  C a s t r a t i o n  o f  t h e  n e o n a te
The p r o c e d u r e  used was an e x t e n s i v e  m o d i f i c a t i o n  of  
P f e i f f e r ' s  method ( P f e i f f e r "1936) . W i t h i n  t h e  f i r s t  12 
h o u rs  o f  l i f e ,  t h e  pup was wrapped in  a damp p i e c e  o f  gauze  
bandage and p l a c e d  i n  i c e  f o r  7 - 1 0 . m i n u t e s  i n  o r d e r  t o  in d u c e  
h y p o t h e r m i c  a n a e s t h e s i a .  The pup was th e n  removed f rom th e  
i c e  and p l a c e d ,  v e n t r a l  s i d e  up,  on a s u r g i c a l  b o a rd .  The 
a'rea o f  i n c i s i o n  was w iped  w i t h  a p i e c e  o f  c o t t o n  soaked in  
957. e t h a n o l .  A v e r t i c a l  c u t  <2 mm) was made in  t h e  m i d l i n e  
t h r o u g h  t h e  s k i n  a n t e r i o r  t o  t h e  u r o g e n i t a l  p a p i l l a  by use o f  
a p a i r  o f  v e r y  f i n e  i r i s  s c i s s o r s .  The s k i n  was th e n  f r e e d  
f ro m  u n d e r l y i n g  t i s s u e s  w i t h  a f i n e  p r o b e .  A second i n c i s i o n  
was made t h r o u g h  t h e  body w a l l  a t  a 4 5 ° —a n g l e  t o  t h e  l e f t  (o f  
t h e  pup) o f  t h e  i n i t i a l  c u t .  The r i g h t  t e s t i s  was th e n
4>
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
e x t r u d e d  by p l a c i n g  s l i g h t  p r e s s u r e  on t h e  abdomen and was 
e x c i s e d  w i t h  a  p a i r  o f  s m a l l  s c i s s o r s .  The l e f t  i j j i s t i s  was 
exposed by c a r e f u l l y  p r o b i n g  t h r o u g h  t h e  v i s c e r a  and e x c i s e d .  
The wound was c l o s e d  by o v e r l a p p i n g  t h e  c u t  edges  o f  t h e  s k i n  
and t h e n  s e a l i n g  i t  w i t h  a  d rop  o f  f l e x i b l e  c o l l o d i o n .
C o n t r o l  m a les  w ere  s h a m - o p e r a te d  on Day l ^ b y  t h e  above  
p r o c e d u r e  e x c e p t  t h a t  t h e  t e s t e s  w ere  1e f t  . i n t a c ^ V  —' 11 was 
b e s t  t o  p e r f o r m  t h e  o p e r a t i o n  as  q u i c k l y  as  p o s s i b l e  t o  
m i n i m i z e  b l e e d i n g .
A f t e r  t h e  s u r g e r y ,  t h e  pup was l e f t  u n d i s t u r b e d  u n t i l  
i t s  body t e m p e r a t u r e  r e t u r n e d  t o  room t e m p e r a t u r e  ( t h a t  i s ,  
when i t  became p i n k  and a c t i v e  a g a i n ) .  T h i s  g r a d u a l  
t e m p e r a t u r e  a c c l i m a t i z a t i o n  im proved  t h e  s u r v i v a l  o f  t h e  
c a s t r a t e s .  They were  t h e n - p l a c e d  i n  an i n c u b a t o r  f 2 3 ° - 2 5 ° C )  , 
w i t h  t h e  i n t a c t  f e m a l e  pups ,  f o r  a t  l e a s t  two h o u rs  b e f o r e  
t h e  l i t t e r  was r e t u r n e d  t o  t h e  dam. T h i s  p r o c e d u r e  m in im iz e d  
t h e  p r o b a b i l i t y  o f  m a t e r n a l  n e g l e c t  o r  pup—k i l l i n g .  E a r l y  
o b s e r v a t i o n s  show'ed t h a t  c a s t r a t e s  r e t u r n e d  t o  t h e i r  m o th e r s ,  
i m m e d i a t e l y  a f t e r  s u r g e r y ,  w ere  fo und  dead 24  h o u rs  l a t e r .  
F u r t h e r m o r e ,  p a r o u s  m o th e r s  p ro ve d  t o  be b e t t e r ,  m o th e rs  i n  
c a r i n g  f o r  t h e  c a s t r a t e s  t h a n  t h e s e  which had n o t  had a 
l i t t e r  b e f o r e .  O v e r a l 1 s u r v i v a l  o f  t h e  c a s t r a t e s  was 
a p p r o x i m a t e l y  7 0 '/..
V>
( i i )  C a s t r a t i o n  o f  a d u l t  r a t s
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A d u l t  m a le  r a t s  w ere  c a s t r a t e d  v i a  t h e  s c r o t a l  r o u t e  
( F a r r i s  and G r i f f i t h ,  1949)  on Day 50. o f  l i f e .  Each o f  t h e  
r a t s  was s u b j e c t e d  t o  l i g h t  e t h e r  a n a e s t h e s i a . -  A n - i n c i . s i o n  
was made a t  t h e  t i p  o f  t h e  s c r o tu m  l a r g e  enough t o  a l l o w  t h e  
e x t r u s i o n  o f  t h e  t e s t i c l e .  A s i n g l e  l i g a t u r e  was p l a c e d  
around "the i n t e r n a l  s p e r m a t i c  v e s s e l s  and t h e  d u c tu s  
d e f e r e n s .  The t e s t i s ,  t o g e t h e r  w i t h  t h e  e p i d i d y m e s ,  w ere  
e x c i s e d . ^  The same s t e p s  w ere  f o l l o w e d  f o r  t h e  o t h e r  t e s t i s .  
The i n c i s i o n  was w iped  w i t h  95V. e t h a n o l  and c l o s e d  w i t h  9 mm 
S t a i n l e s s  s t e e l  s u r g i c a l  c l i p s .  The r a t s  w ere  used 14 days  
p o s t s u r g e r y .
D. P r e p a r a t i o n  o f  m icrosom es
The r a t  was w e ig h e d ,  d e c a p i t a t e d ,  and e x s a n g u i n a t e d .
The l i v e r  was r a p i d l y  e x c i s e d  and p l a c e d  in  i c e - c o l d  50 mM 
T r i s - H C l  b u f f e r  c o n t a i n i n g  150 mM KC1, pH 7 . 4  ( s e e  Appendix  
91 f o r  p r e p a r a t i o n  o f  b u f f e r s ) .  The t i s s u e  was a g i t a t e d  w i t h  
t h e  use o f  f o r c e p s  t o  remove h a i r ,  b lo o d  c l o t s ,  e t c .  The  
l i v e r  was t h e n  b l o t t e d  d r y  and w e ig h e d .  The t i s s u e  was 
'minced on a d i f f u s i o n  g l a s s  on i c e  and t r a n s f e r r e d  t o  a  
b e a k e r  c o n t a i n i n g  t h r e e  vo lum es  o f  i c e - c o l d  T r i s - K C l .  The
b e a k e r  c o n t a i n i n g  t h e  l i v e r  was p l a c e d  i n  a l a r g e r  one
\
h o l d i n g  i c e - w a t e r .  H o m o g e n iz a t io n  was e f f e c t e d  by t h e  use  o f
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a P o l y t r o n  PT 20 ' (Br.i n kmann I n s t r u m e n t s  L t d . ,  T o r o n t o ,  
O n t a r i o ) . '  T h i s  was done by p l a c i n g  t h e  p r o b e  a t  a 4 5 °  a n g l e  
and hom og en is in g  t h e  mince w i t h  two 1 5 -s e c o n d  p u l s e s  ( s e t t i n g
t
4 . 0 )  s e p a r a t e d  by 30  sec o n d s .  The hom ogenate  was t h e n  
c e n t r i f u g e d  a t  9000g  .(Beckman Model J - 2 1 C  C e n t r i f u g e )  f o r  20  
m in u te s  a t  4 ° C .  The chamber was p r e - c h i  l i e d  b e f o r e  u s e .  
A p p r o x i m a t e l y  1 0 - 2 0  ml o f  t h e  s u p e r n a t a n t  was c a r e f u l l y  
w ith d r a w n  f ro m  be lo w  t h e  f a t  by use  o f  a 10-m l  p i p e t  and a 
P r c - p i p e t  and t r a n s f e r r e d  i n t o  u l t r a c e n t r i f u g e  t u b e s .  T h i s  
was f u r t h e r  c e n t r i f u g e d  a t  1 0 5 ,0 0 0 g  (Beckman Model L 5 - 6 5  
■ U l t r a c e n t r i f u g e )  f o r '60  m in u te s  a t  4*^2. The s u p e r n a t a n t  was 
th e n  d i s c a r d e d  and t h e  p e l l e t  was r i n s e d  w i t h  50  mM T r i s - H C l  
b u f f e r .  The m ic ro scm a l  p e l l e t  was suspended ,  by use o f  t h e  
P o l y t r o n ,  i n  a vo lum e o f  50  mM T r i s - H C l ,  pH 7 . 4 ,  e q u a l  t o  ->
h a l f  t h e  vo lum e of  t h e  ?000g s u p e r n a t a n t  t h a t  was c e n t r i f u g e d  
The p r o t e i n  c o n c e n t r a t i o n  was measured u s in g  t h e  Lowry  
p r o c e d u r e  (s e e  b e l o w ) .
E. Measurement  o f  p r o t e i n  c o n c e n t r a t i o n
M ic ro s o m a l  p r o t e i n  c o n c e n t r a t i o n s  were d e t e r m in e d  by t h e  
method o f  Lowry and c o - w o r k e r s  (1 9 5 1 )  u s in g  b o v i n e  serum  
a l b u m i n ,  d i s s o l v e d  i n  50 mM T r i s - H C l ,  pH 7 . 4 . ,  as  t h e  
s t a n d a r d .  The s t o c k  s u s p e n s io n  o f  m icrosom es was d i l u t e d  
1 : 1 0 0  in  £0 mM T r i s - H C l ,  pH 7 . 4 .  To 0 . 5  ml o f  t h i s  s o l u t i o n ,
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5 . 0  ml'  o f  d i l u t e  a l k a l i n e  c o p p er  s o l u t i o n  w e re  added (s e e  
^  Appendix  B2 f o r  p r e p a r a t i o n  o f  r e a g e n t s ) .  A b l a n k ,  0 . 5  ml 
. T r i s - H C l ,  pH 7 . 4 ,  was t r e a t e d  s i m i l a r l y .  A l l  sam ples  and  
b l a n k s  w ere  i n c u b a t e d  a t  4 5 °C  f o r  15 m i n u t e s  and th e n  0 .5"  ml
✓
o f  phenol  r e a g e n t  w e r e  added t o  t h e  t u b e s  and t h e  c o n t e n t s  o f  
each mixed b r i e f l y  by use  o f  a V o r t e x - G e n i e  ( S c i e n t i f i c  
I n s t r u m e n t s ,  S p r i n g f i e l d ,  M a s s a c h u s e t t s ) .  The t u b e s  were  
a l lo w e d  t o  s i t  f o r  15 m in u te s  a f t e r  whijzh t i m e  t h e  
a b s o rb a n c e s  o f  a l l  s a m p le s  and b l a n k s  w ere  m easured ,  a g a i n s t  
d i s t i l l e d  w a t e r ,  a t  7 5 0  nm in  a d o u b le -b e a m  s p e c t r o p h o t o m e t e r  
( P e r k i n - E l m e r  Model 5 7 5 ) .  P r o t e i n  c o n c e n t r a t i o n  was 
e s t i m a t e d  f ro m  a s t a n d a r d  c u r v e  p r e v i o u s l y  p r e p a r e d .  The  
d e t a i l e d  c a l c u l a t i o n s  f o r  p r o t e i n  c o n c e n t r a t i o n  a r e  g i v e n  i n
i
Appendix  D l .
F .  • Enzyme Assays
The drug  s u b s t r a t e  used i n  a l l  t h e  e x p e r i m e n t s  was 
e t h y l m o r p h i n e  h y d r o c h l o r i d e  (EM) and t h e  s t e r o i d  s u b s t r a t e  
was 1 1 - d e o x y c o r t i c o s t e r o n e  (DOC). The two enzymes measured  
were  e t h y l m o r p h i n e  N - d e m e t h y l a s e  and d e o x y c o r t i c o s t e r o n e  5 0 1 -
f
r e d u c t a s e .  H e x o b a r b i t a l  was used e a r l y  i n  t h e  s t u d y  as  a 
second drug s u b s t r a t e  b u t  because  o f  i n c o n s i s t e n c y  i n  i t s  
a s s a y ,  i t  was soon o m i t t e d  ( t h e  r e a d e r  i s  d i r e c t e d  t o  ‘ 
Appendix  C f o r  a d e t a i l e d  d e s c r i p t i o n  o f  t h e  a s s a y ) .




( i )  Measurement  o-f e t h y l m o r p h i n e  N - d e m e t h y l a s e
■h
The N - d e m e t h y l a t i o n  o f  e t h y l m o r p h i n e . w a s  d e t e r m in e d  f ro m  
t h e  amount o f  f o r m a l d e h y d e  fo rm ed  u s in g  t h e  Nash- r e a c t i o n  as  
d e s c r i b e d  by Cochin  and A x e l r o d  ( 1 9 5 8 ) .  The i n c u b a t e  
c o n t a i n e d ,  i n  a t o t a l  vo lume of  3 . 0  50  rnM T r i s - H C l  (pH
7 . 4 ) ,  1 . 0  mM NADP, 3 . 3  mM g l u c o s e - 6- p h o s p h a t e ,  2 u n i t s  o f
g l  u c o s e - 6-phosp .hate  d e h y d r o g e n a s e ,  8 . 3  mM MgCl£ > 1 . 0  mM 
s e m i c a r b i z i d e ,  6 .0  mg m ic ro som al  p r o t e i n ,  and v a r i o u s  
c o n c e n t r a t i o n s  o f  e t h y l m o r p h i n e - H C l . I t  i s  w e l 1-docum ented  
t h a t  a m a s c u l i n i z e d  MF0 e x h i b i t s  a g r e a t e r  Vmax and a l e s s e r  
a p p a r e n t  Km t h a n  does a f e m i n i z e d  sys tem  ( D a v i e s  e t  a l . ,
1968;  K a to  and Onoda, 1970;  Chung e t  a l . ,  1 9 7 5 ) .  Thus,  
o p t i m a l  s u b s t r a t e  c o n c e n t r a t i o n s  were  d e t e r m i n e d  f o r  use w i t h  
e i t h e r  s e x .  The enzyme was a s s a y e d ,  f ro m  each s e x ,  u s in g  
e i g h t  s u b s t r a t e  c o n c e n t r a t i o n s ,  d i f f e r e n t  f o r  each s e x ,  f ro m  
0 . 1 0  Km -  1 . 0 0  Km, where t h e  Km was r e p o r t e d  by D a v ie s  and 
co—w o r k e r s  (1 9 6 8 )  and by Chung and c o - w o r k e r s  ( 1 9 7 5 ) .  Thus,  
t h e  r a n g e  o f  s u b s t r a t e  c o n c e n t r a t i o n s  used w i t h  male  
m icrosom es (where  t h e  r e p o r t e d  Km = 0 . 3 5  mM). w ere  0 . 0 3 5  — 
3 . 5 0  mM and 0 . 0 9 5  -  9 . 5 0  mM were  used w i t h  t h e  f e m a le  
m icrosom es (where  t h e  r e p o r t e d  Km = 0 . 9 5  mM). We t h e n  
s e l e c t e d  f i v e  s u b s t r a t e  c o n c e n t r a t i o n s  f ro m  b o th  s e t s  o f  
c o n c e n t r a t i o n s  t h a t  c o n s i s t e n t l y  gave  p r e c i s e  e s t i m a t e s  o f
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t h e  a p p a r e n t  Kro and Vmax o-f t h e  EM N - d e m e th y l  a s e  in  e i t h e r  
t h e  m a le  o r  t h e  f e m a l e  r a t .  Thus,  t h e  s u b s t r a t e  
c o n c e n t r a t i o n s  t h a t  w ere  s e l e c t e d  f o r  use  w e re :  0 . 3 4 ,  0 . 5 8 ,
1 . 1 6 ,  1 . 7 5 ,  and 7 . 1 2  mM. A b l a n k ,  f o r  e v e r y  m ic ro som al  
p r e p a r a t i o n ,  c o n t a i n e d  t h e  same components as  above  e x c e p t  i t  
l a c k e d  t h e  e t h y l m c r p h i n e - H C l .
1
The i n c u b a t e ,  minus t h e  m icrosom al  p r o t e i n ,  was a g i t a t e d  
f o r  5 m in u t e s  in  a D u b n o f f  i n c u b a t o r  (GCA C o r p . ,  C h ic a g o ,  
I l l i n o i s ) ,  u n d er  a i r ,  i n  a  2 5 - m l  E r le n m a y e r  f l a s k  a t  3 7 °C .
The r e a c t i o n  was s t a r t e d  by a d d in g  t h e  m ic ro s o m a l  p r o t e i n  t o  
t h e  i n c u b a t i o n  f l a s k  and t h e  r e a c t i o n - w a s  a l l o w e d  t o  p roce ed  
f o r  30  m i n u t e s .  R e a c t i o n  r a t e s  were  l i n e a r  w i t h  r e s p e c t  t o
t i m e  and p r o t e i n  c o n c e n t r a t i o n  u n d e r  t h e s e  c o n d t i t i o n s .  The
i n c u b a t e  was th e n  added t o  a 15-ml  Core:-: t u b e  c o n t a i n i n g  3 . 0  
ml o f  d i s t i l l e d  w a t e r .  To t e r m i n a t e  t h e  r e a c t i o n ,  2 . 0  ml of  
207. ZnSQ^ and 2 . 0  ml o f  s a t u r a t e d  Ba (OH)-j w ere  added.  A 1.1
tu b e s  w ere  c e n t r i f u g e d  ( IE C  Model K) f o r  10 m i n u t e s  a t
s e t t i n g  35  to* p r e c i p i t a t e  t h e  p r o t e i n  and t h e  Ba2 ( S O 3 . A 
5 -m l  a l i q u o t  o f  t h e  s u p e r n a t a n t  was th e n  p i p e t t e d -  i n t o  
a n o t h e r  t u b e  and 2 . 0  ml o f  d o u b le  s t r e n g t h  Nash r e a g e n t  were  
added (s e e  Appendix  3 2  f o r  p r e p a r a t i o n  o f  r e a g e n t s ) . A l l  
sam ples  and b l a n k s  were  h e a te d  in  a . w a t e r  b a t h  a t  6 0 °C f o r  30  
m in u t e s .  The a b s o r b a n c e s  w ere  th e n  measured i m m e d i a t e l y  a t  
415 nm, a g a i n s t  a d i s t i l l e d  w a t e r  b l a n k ,  i n  a P e r k i n - E l m e r  
575 d o u b le -b e a m  s p e c t r o p h o t o m e t e r .
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The d e t a i l e d  c a l c u l a t i o n s  -for  e t h y l m o r p h i n e
<
N - d e m e t h y l a t i o n  a r e  g i v e n  i n  A p p en d ix  D2.
( i i )  M easurem ent  o-f 11 - d e o x y c o r t i c o s t e r o n e  5 t t - r e d u c t a s e
The a s s a y  used -for t h e  5 0 t  - r e d u c t a s e  was an e x t e n s i v e  
m o d i f i c a t i o n  o-f t h e  method d e s c r i b e d  by Y a t e s  and c o - w o r k e r s  
( 1 9 5 8 b ) .  The i n c u b a t e  c o n t a i n e d ,  i n  a t o t a l  vo lum e o-f 3 . 0  
m l,  50 mM T r i s - H C l  (pH 7 . 4 ) ,  1 . 0  mM NADP, 3 . 3  mM g l , u c o s e - £ -
p h o s p h a te ,  2 u n i t s  o-f g l u c o s e - 6-rphosphat'e d e h y d r o g e n a s e ,  8 . 3  
mM MgCl2 5 1 . 1 2 5  mg m ic ro som al  p r o t e i n ,  and DOC. The DOC
c o n c e n t r a t i o n  (2 0 0  uM) used by Y a t e s  and c o - w o r k e r s  (1958 b )  
was t h e  t h e  maximum c o n c e n t r a t i o n  employed h e r e .  P r e l i m i n a r y  
e x e r c i s e s  i n  o u r  l a b o r a t o r y  showed t h a t  80  uM was t h e  l o w e s t  
c o n c e n t r a t i o n  a t  which  encyme a c t i v i t y  was d e t e c t a b l e .
Thus,  t h e  DOC c o n c e n t r a t i o n s  w ere  as  - fo l lo w s :  8 0 . 0 ,  1 4 4 . 0 ,
1 7 5 . 0 ,  and 2 0 0 . 0  uM.
The m i x t u r e ,  minus t h e  m ic ro so m a l  p r o t e i n ,  was a g i t a t e d  
■for 5 m in u t e s  in  a Dubno-ff  i n c u b a t o r ,  u n d er  n i t r o g e n  g a s ,  in  
a 25 -m l  E r l e n m a y e r  f l a s k  a t  3 7 ° C .  T h e - r e a c t i o n  was s t a r t e d  
by ad d in g  1 . 1 2 5  mg o f  m ic ro som al  p r o t e i n  and was a l l o w e d  t o  
p ro c e e d  f o r  10 m i n u t e s .  The 5 C C - r e d u c t i o n  o f  DOC was l i n e a r  
w i t h  r e s p e c t  t o  t i m e  and p r o t e i n  c o n c e n t r a t i o n .  A second  
i n c u b a t i o n  m i x t u r e ,  a t  each s u b s t r a t e  c o n c e n t r a t i o n , was h e l ^  • 
a t  0 °C f o r  10 m in u t e s .  The i n c u b a t e s  w ere  th e n  added t o  20
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ml o-f d o u b l e - d i s t i l l e d  d i c h l o r o m e t h a n e  c o n t a i n e d  i n  a capped  
2 5 0 -m l  E r l e n m a y e r  - f l a s k  and shaken on an Eberbach  
r e c i p r o c a t i n g  s h a k e r  (Eberbach  C o r p . ,  Ann A r b o r ,  M ic h ig a n )  a t
r * t
280  e x c u r s i  o n .s /m in u te  f o r  I S  m i n u t e s .  The m i x t u r e s  w ere  th e n  
t r a n s f e r r e d  i n t o  6 0 - m l  s e p a r a t o r y  f u n n e l s  and t h e  o r g a n i c  
phases w ere  d r a i n e d  d i r e c t l y  i n t o  e v a p o r a t i o n  t u b e s .  The  
aqueous pha ses  w ere  e x t r a c t e d  once more w i t h  20 ml o f  d o u b l e ­
d i s t i l l e d  d i c h l o r o m e t h a n e .  The phases  w ere  s e p a r a t e d  and t h e  
aqueous l a y e r  was d i s c a r d e d .  The o r g a n i c  phases  w ere  p o o le d  
and t h e  t u b e s  w ere  th e n  p la c e d  i n  a h e a t e d  w a t e r  b a t h  ( 6 0 °  -  
70 ° C )  and t h e  s o l v e n t  was e v a p o r a t e d  t o  d r y n e s s  by use  o f  a 
g e n t l e  s t r e a m  o f  n i t r o g e n .  The r e s i d u e  was th e n  d i s s o l v e d  in  
15 ml o f  r e —d i s t i l  1 ed m ethanol  and t h e  a b s o r b a n c e s  o f  t h e s e  
s o l u t i o n s  w ere  measured a t  240 nm, a g a i n s t  a b s o l u t e  m e th a n o l ,  
i n  a d o u b le -b e a m  s p e c t r o p h o t o m e t e r  ( P e r k i n - E l m e r  Model 5 7 5 ) .
h
The q u a n t i t y  o f  s t e r o i d  r e d u c e d  a t  t h e  A  d o u b le  bond 
was c a l c u l a t e d  f ro m  t h e  d i f f e r e n c e  betw een  t h e  ab s o rb a n c e  
v a l u e s  o f " t h e  u n m e t a b o l i z e d  DOC ( i n c u b a t e d  a t  0°C )  and t h e  
unmetabol  i c e d  DCC ( i n c u b a t e d  a t  37 *■£) . D e t a i l e d  c a l c u l a t i o n s  
f o r  t h e  5 0 C - r e d u c t i o n  o f  DOC a r e  shown i n  Appendix  D3.
( i i i )  D e t e r m i n a t i o n  o f  t h e  M ic h a e l  i s  c o n s t a n t  and t h e  
maximum enzyrte v e l o c i t y
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The i m p r i n t a b i  1 i ' t y  o f  t h e  d r u g -  and t h e  s t e r o i d -  
m e t a b o l i z i n g  enzymes was c h a r a c t e r i z e d  by use  o-F t h e  a p p a r e n t  
Km and t h e  Vmax. The a p p a r e n t  Km i s  d e f i n e d  as  t h a t  
c o n c e n t r a t i o n  o-f t h e  s u b s t r a t e  w h ich  r e s u l t s  i n  hal - f  t h e  
maximal  v e l o c i t y  (V m ax ) .  By use o f  t h e  L i n e w e a v e r - B u r k  p l o t  
( 1/ v  vs 1/ s ) ,  t h e s e  two k i n e t i c  v a l u e s  w e re  o b t a i n e d  




A l l  l i n e s  w ere  f i t t e d  by l e a s t  s q u a r e s  r e g r e s s i o n  ( D a v i e s  e t  
a l . ,  1 9 6 8 ) .  A l l  t h e  v a l u e s  p r e s e n t e d  a r e  means accom panied  
by t h e  s t a n d a r d  e r r o r s  o f  t h e  means.
*
I I .  I m p r i n t i n g ,  by sex s t e r o i d s ,  o f  t h e  a p p a r e n t  Km and t h e  
Vmax o f  h e p a t i c  d r u g -  and s t e r o i d - m e t a b o l i z i n g  enzymes:
A. D i f f e r e n c e s  i n  t h e  enzyme k i n e t i c s  o f  t h e  EM
N - d e m e t h y l  a s e  and t h e  DOC 5 0 C - r e d u c t a s e  among r a t s  of- 
d i f f e r e n t  e n d o c r i n e  s t a t u s
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The - f i r s t  s e t  o f  e x p e r i m e n t s  was p e r f o r m e d  i n  o r d e r  t o  
c o n f i r m  t h e  d i f f e r e n c e s  t h a t  r e p o r t e d l y  e x i s t  i n  t h e  enzyme  
k i n e t i c s  among r a t s  o f  d i f f e r e n t  horm ona l  s t a t u s .  The  
f o l l o w i n g  w ere  exa m in ed :  i n t a c t  a d u l t  m a le s  and f e m a l e s ;  
a d u l t  m ales  c a s t r a t e d  a t  b i r t h ;  a d u l t  m a le s  c a s t r a t e d  on Day 
50  o f  l i f e ;  and a d u l t  m a le s  s h a m - c a s t r a t e d  a t  b i r t h .  To some 
o f  t h e  c a s t r a t e s ,  t e s t o s t e r o n e  p r o p i o n a t e  (2 m g / r a t / d a y  i n
0 . 1  ml co rn  o i l )  was a d m i n i s t e r e d ,  s c ,  f r o m  Day 5 0 - 5 9 .
O t h e r  c a s t r a t e s  r e c e i v e d  t h e ' o i 1 v e h i c l e .  A l l  r a t s  were  
k i l l e d  on Day 60 and t h e  l i v e r  m ic rosom es w e re  p r e p a r e d  a s  
p r e v i o u s l y  d e s c r i b e d .
B. E f f e c t s  o f  n e o n a t a l  e x p o s u re  t o  sex s t e r o i d s  on t h e  
k i n e t i c s  o f  EM N - d e m e t h y l a s e  and DOC 5 0 C - r e d u c t a s e
The r e s u l t s  o f  t h e  p r e c e d i n g  e x p e r i m e n t  showed t h a t  t h e  
a p p a r e n t  Km and t h e  Vmax o f  t h e  EM N—d e m e t h y l a s e  and t h e  DOC' 
5 0 2 —r e d u c t a s e  w ere  d e p e n d e n t  upon t h e  p r e s e n c e  o f  t h e  t e s t e s  
i n  t h e  n e o n a t a l  p e r i o d .  Thus , . 'w e  n e x t  exam ined  t h e  a b i l i t y  
o f  some o f  t h e  sex s t e r o i d s  t o  i m p r i n t  t h e  a p p a r e n t  Km and  
t h e  Vmax o f  t h e  two enzymes.
Pups c a s t r a t e d  n e o n a t a l l y  w ere  i n j e c t e d  s u b c u t a n e o u s ly  
w i t h  a sex s t e r o i d  an Days 2 ,  4 ,  and 6 p o s t - p a r t u m .  The  
t h r e e  sex s t e r o i d s  used i n  t h i s  e x p e r i m e n t  w e re :  t e s t o s t e r o n e
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
-37-
p r o p i o n a t e  (TP; A^ - a n d r o s t e n e - 1 7 B - p r o p i o n a t e - 3 - o n e ) ; 1 7 8 -  
e s t r a d i o l  b e n z o a t e  (E2 ;A^’ 2* ^ ^ ^ - e s t a t r i  e n - 3 , 1 7 B -d i  o l  
b e n z o a t e ) ;  and 5 0 S - d i h y d r o t e s t o s t e r o n e  b e n z o a t e  CDHT; 5CC-  
a n d r o s t a n - 1 7 B - o l - 3 - o n e  b e n z o a t e ) . Each s t e r o i d  was 
a d m i n i s t e r e d  (sc )  i n  -four d o s e s :  0 . 3 7 ,  0 . 7 3 ,  1 . 4 5 ,  o r  2 . 9 0  
u m o l e s / p u p / d a y  i n  20  u l  o f  p r o p y l e n e  g l y c o l  ( s e e  Appendix  E l  
■for p re p a r .a t i -o n  o-f s t e r o i d  s u s p e n s i o n s ) .
A l l  m a le  r a t s  r e c e i v e d ,  s c ,  TP (2  m g / r a t / d a y  i n  0 . 1  ml 
c o rn  o i l )  -from Day 5 0 - 5 9  o-f l i - f e .  L i v e r  m icrosom es were  
p r e p a r e d  2 4  h o u rs  a f t e r  t h e  - f i n a l  i n j e c t i o n  and u s e d ^ in  
s u b s e q u e n t  enzyme a s s a y s .
V
»
C. E f f e c t s  o-f an a n t i  e s t r o g e n  on t h e  i m p r i n t i n g ,  by sex  
s t e r o i d s ,  a-f EM N—d e m e t h y l a s e  and DOC 5 f f i - r e d u c t a s e
s
The r e s u l t s  -from t h e  p r e v i o u s  e x p e r i m e n t  showed t h a t  TP,
i
E2,  and DHT i m p r i n t  t h e  a p p a r e n t  Km and Vmax o-f t h e  EM 
N—d e m e th y l  ase  and t h e  DOC 5 C —r e d u c t a s e .  Thus ,  we 
h y p o t h e s i z e d  t h a t  t h e  i m p r i n t i n g  m ig h t  be m e d ia t e d  by t h e  E 2 -  
r e c e p t o r .  I t  i s  w e l l  e s t a b l i s h e d  t h a t  TP i s  a r o m a t i z e d  t o  
E2 .  H o w ev er ,  DHT, which  c a n n o t  be a r o m a t i z e d ,  d i d  n o t  seem 
t o  - f i t  t h e  h y p o th e s i 's ,  a p r i o r i  .
Thus ,  t h e  f o l - l o w i n g  e x p e r i m e n t  was p e r f o r m e d  t o  t e s t  
t h i  s th y p o t h e s i  s .  An a n t i  e s t r o g e n , n a f o x i d i n e '  (NFX) , which  
a c t s  by b l o c k i n g  t h e  e s t r o g e n  r e c e p t o r w a s  em ployed .
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C a s t r a t e d  m a le  pups w e re  i n j e c t e d ,  . s c ,  w i t h  n a f o x i d i n e  
on t h e  d a y  o f  c a s t r a t i o n  (Day 1 ) .  I t  was g i v e n  a t  t h r e e  
doses:  0 . 5 5 ,  1 . 4 5 ,  o r  2 . 9 0  u m o le s /p u p  i n  2 0  u l  o f  p r o p y l e n e  
g l y c o l . '  On Days 2 ,  4 ,  and 6 p o s t - p a r t u m ,  t h e  pups w ere  
i n j e c t e d  (s c )  w i t h  1 . 4 5  um oles  o f  "'TP, E2, o r
A l l  r a t s  w e re  g i v e n  TP f r o m  Day 5 0 - 5 9  o f  l i f e  (as  
d e s c r i b e d  a b o v e ) . L i v e r  m ic rosom es w ere  p r e p a r e d  and used  
f o r  enzyme a s s a y s  24  h o u rs  a f t e r  t h e  f i n a l  i n j e c t i o n .
T h r e e  s e t s  o f  c o n t r o l s  w ere  used i n  t h i s  e x p e r i m e n t :  
c a s t r a t e d  m a le  pups r e c e i v i n g  o n l y  NFX ( 1 . 4 5  and 2 . 9 0  um oles)  
i n t a c t  m a le  pups r e c e i v i n g  o n l y  t h e  v e h i c l e  (20 u l  o f  
p r o p y l e n e  g l y c o l  ) ; ^ n c ‘ t a c t  m a le  pups r e c e i v i n g  1 . 4 5  umoles
o f  n a f o x i d i n e .  Both  t h e  p r o p y l e n e  g l y c o l  and NFX ( i n  20  u l  
o f  p r o p y l e n e  g l y c o l )  w ere  g i v e n » o n  Day 1 p o s t - p a r t u m . .  A l l  
c o n t r o l s  w ere  g i v e n  TP f ro m  Days 5 0 - 5 9  (s e e  above)  and t h e  
r a t s  w e re  k i l l e d  and l i v e r  m ic rosom es w e re  p r e p a r e d  24  h o u rs  
a f t e r  t h e  f i n a l  i n j e c t i o n .
I I I .  S t a t i s t i c a l  a n a l y s i s  o f  t h e  d a t a
A l l  d a t a  w ere  a n a l y z e d  by t w o -w a y  o r  one -w ay  a n a l y s e s  o f  
v a r i a n c e  (Model  I )  as  a p p r o p r i a t e  (S o k a l  and R o h l f ,  1 9 8 1 ) .  
S i g n i f i c a n c e  t e s t i n g  w i t h i n  t h e  a n o v a ’ s was done u s i n g  t h e '  
c r i t i c a l  F - d i s t r i b u t i o n  and a P v a l u e  o f  0 . 0 5 .  R e g a r d l e s s  o f
. {
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t h e  s i g n i f i c a n c e  o f  t h e  main e f f e c t s ,  o r  t h e  i n t e r a c t i o n ,  t h e  
t w o -w a y  anova  was b ro k e n  down i n t o  i t s  c o n s t i t u e n t  one -w ay  
a n o v a ’ s  and t h e n  c o m p a r is o n s  be tw een  a l l  p a i r s  o f  means w ere  
co n d u c te d  by D u n c a n 's  New M u l t i p l e  Range T e s t  (Duncan,  1955)  
a t  P < 0 . 0 5 .
i\
~  . si
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. RESULTS
s
I .  D i f f e r e n c e s  i n  t h e  enzyme k i n e t i c s  o f  e t h y l m o r p h i n e  N -  
d e m e t h y la s e  and d e o x y c o r t i c o s t e r o n e  5 t t —r e d u c t a s e  among 
r a t s  o f  d i f f e r e n t  e n d o c r i n e  s t a t u s :
A. E t h y l m o r p h i n e  N - d e m e t h y l a s e
The a c t i v i t y ,  o f  e t h y l m o r p h i n e  (EM) N—d e m e t h y l a s e  
e x h i b i t e d  c l e a r  d i f f e r e n c e s  betw een  t h e  s e x e s  as  shown i n  
T a b l e  I .  The Vmax o f  t h e  enzyme f ro m  i n t a c t  m a le  r a t s  ( 8 . 0 3  
± 0 . 2 1  nm oles /m in /m gMP)  was s i g n i f i c a n t l y  g r e a t e r  (P < 0 . 0 5 )  
t h a n  t h a t  o f  t h e  enzyme f ro m  i n t a c t  f e m a l e  r a t s  ( 3 . 3 5  ±  0 . 1 6  
n m o le s /m in /m g M P ) . C a s t r a t i o n  o f  t h e  m a le  pup oh Day 1 o f  
l i f e  d e c r e a s e d  t h e  Vmax. The l a t t e r  was n o t  s i g n i f i c a n t l y  
d i f f e r e n t  f ro m  t h e  Vmax o f  t h e  enzyme f ro m  i n t a c t  a d u l t  
f e m a l e s  (P < 0 . 0 5 ) . .  T h i s  r e d u c t i o n  was n o t  due t o  t h e  
s u r g e r y ,  p e r  s e ,  as  t h e  Vmax f o r  t h e  enzyme f r o m  a d u l t  m a le s  
s h a m - c a s t r a t e d  a t  b i r t h  ( 8 .68  ±  0 . 2 0  nm oles /m in /m gMP)  d i d  n o t  
d i f f e r  s i g n i f i c a n t l y  f ro m  t h a t  f o r  t h e  enzyme f r o m  i n t a c t  ' 
a d u l t  m a les  (P < 0 . 0 5 ) .  I t  was t h e  a b s e n c e  o f  t h e  t e s t e s  
t h a t  caused t h e  d e c r e a s e  i n  t h e  Vmax. T h i s  r e d u c t i o n  
o c c u r r e d  r e g a r d l e s s  o f  w h e t h e r  o r  n o t  t e s t o s t e r o n e  p r o p i o n a t e  
(TP) was a d m i n i s t e r e d  i n  a d u l t h o o d  (Day 5 0 - 5 9  o f  l i f e ) .
-4 0 -
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T a b l e  I .  The Vmax and a p p a r e n t  Km o-f e t h y l m o r p h i n e
N -d e m e th .y la s e  i n  r a t s  o f  d i f f e r i n g  e n d o c r i n e  
s t a t u s .  V a l u e s  a r e  t h e  mean ±  SE. Sample  s i z e  i n  
b r a c k e t s .
*
: ' ■ &  ^  
G roups Vmax
(nm oles /m in /m gM P)
Km
- ’ CmM)
I n t a c t  m a les  C5D
S h ^ m - c a s t r a t e d  ~ ^  
m ale  pups^- C3H
C a s t r a t e d  a d u l t
m a les  C51
I n t a c t  f e m a l e s  C52
C a s t r a t e d  m a le^ '3  
pups C53
C a s t r a t e d  m'al e^
•-pups C53
8 . 0 3  ±  0 , 2 1 a 
- 8.68 ±  0 . 20 a
•6 . 65  ±  0 .  35
3 .  35  ±  0 j  1 ^ *  
3 . 7 1  ±  0> '29b
3 . 0 3  ± 0 .  1 9 b
0 . 3 2  ±  0 . 0 2  a 
0 . 3 1  ±  0 . 0 3 a
0 . 5 4  ± '■ 0 .0 2 '
• 0 . 82—-K-en??15 
0 . 7 5  ± 0 . 0o
0 . 6 9  t .  0 . 0 4 b
^■Male pups s h a m - c a s t r a t e d  oh Day 01 p o s t - p a r t u m  were  
g i v e n  no ‘n e o n a t a l  s t e r o i d  t r e a t m e n t .
* ^ T P  ( 2 m g / r a t / d a y , sc )  was a d m i n i s t e r e d  f ro m  Day 5 0 - 5 9  o f  
l i f e .
3  h a l e  pups c a s t r a t e d  on Day 01 p o s t - p a r t u m  were  g i v e n  no 
n e o n a t a l  s t e r o i d  t r e a t m e n t .
V a l u e s  w i t h  t h e  same s u p e r s c r i p t  a r e  n o t  s i g n i f i c a n t l y  
d i f f e r e n t  CP < 0 . 0 5 )  by Duncan’ s M u l t i p l e  Range T e s t .
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These - f i n d i n g s  show t h e  i m p o r ta n c e ,  o f  t h e  n e o n a t a l  p e r i o d  in  
t h e  d e v e lo p m e n t  o f  t h e  Vmax o f  t h e  EM N—d e m e t h y l a s e  i n  r a t s .  
.The p r e s e n c e  o r  a b s en ce  o f  t e s t i c u l a r  hormones d u r i n g  t h i s  
c r i t i c a l  phase  d e t e r m i n e s ,  a t  l e a s t  i n  p a r t ,  t h e  a c t i v i t y  of  
t h e  -enzyme i n  t h e  a d u l t .  . . .
However ,  t h e  Vmax o f  t h e  EM N - d e m e t h y l a s e  a l s o  a p p eared  
t o  be d e p e n d e n t  upon e x p o s u r e  t o  a nd ro gens  i n  a d u l t h o o d .  
C a s t r a t i o n  o f  t h e  a d u l t - o n  Day 5 0 ' p o s t - p a r t u m  d e c r e a s e d  t h e  
maximal  enzyme v e l o c i t y  by 177., compared t o  t h e  v a l u e  f ro m
•ft
i n t a c t  m a les  (P < 0 . 0 5 ) ,  b u t  i ’t  was s t i l l  t w i c e  t h e  v a l u e  
f rom  i n t a c t  f e m a l e s .  T h i s  o b s e r v a t i o n  s u g g e s t s  t h a n  (a)  
t e s t o s t e r o n e  i n  t h e  a d u l t  m a le  r a t  m a i n t a i n s  t h e  Vmax o f  t h e  
EM N - d e m e t h y l a s e  a t  i t s  maximum p o s s i b l e  r a t e  and ( b ) 
n e o n a t a l  i m p r i n t i n g  i s  n e c e s s a r y  f o r  t h i s  phenomenon.
S i m i l a r l y ,  t h e  a p p a r e n t  Km o f  t h e  EM N - d e m e t h y l a s e  was 
s e x u a l  1 y - d i  f f e r e n . t i  a t e d .  As opposed t o  t h e  Vmax, which was 
s i g n i f i c a n t l y  l a r g e r  in  m a les  t h a n  i n  f e m a l e s , ' t h e  a p p a r e n t  
Km i n  t h e  m a le  r a t  (0 . .32  ±  0 . 0 2  mM) was o n l y  3 7 7  o f  t h a t  in  
t h e  f e m a l e  r a t  ( 0 . 8 7  ±  0 . 0 2  mM). S i n c e  t h e  a p p a r e n t  Km 
r e p r e s e n t s  t h e  c o n c e n t r a t i o n  o f  t h e  s u b s t r a t e  t h a t  r e s u l t s  i n  
h a l f  t h e  Vmax and i s  t h u s  r e l a t a b l e  t o  b i n d i n g  a f f i n i t y ,  th e n  
a s m a l l  Km e n a b l e s  t h e  a n im a l  t o  m e t a b o l i z e  t h e  drug  f a s t e r  
( i . e . ,  i f  enough enzyme i s  p r e s e n t ) .  T h i s  i s  b e c a u s e  t h e  
b i n d i n g  a f f i n i t y  o f  t h e  enzyme t o  e t h y l m o r p h i n e  i s  g r e a t e r  
and l e s s  o f  t h e  d rug  s u b s t r a t e  i s  needed t o  .reach maximal
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v e l o c i t y .  T h u s ,  a s m a l l  Km i s  a b i o c h e m i c a l '  a d v a n t a g e  f o r  
t h e  m a le  r a t .  The  enzyme f*rom . s h a m - c a s t r a t e d  m a le  r a t s  
e x h i b i t e d *  t h e  same a p p a r e n t  Km as  t h e  enzyme f r o m  i n t a c t  
m a le s .  T h i s  shows t h a t  t h e  s u r g e r y ,  p e r  s e ,  d i d  n o t  a f f e c t  
t h e  d e v e lo p m e n t  o f  t h e  k i n e t i c  p a r a m e t e r .  C o n v e r s e l y ,  
n e o n a t a l  t e s t e c t o m y ,  w i t h  o r  w i t h o u t  ‘t e s t o s t e r o n e  in  
a d u l t h o o d ,  i n c r e a s e d  t h e  a p p a r e n t  Km t o  86% and 79%,
•i
r e s p e c t i v e l y ,  o f  t h e  i n t a c t  f e m a l e  v a l u e  f ro m  which n e i t h e r  
d i f f e r e d  s i g n i f i c a n t l y  (P < 0 . .0 5 3 .  T h i s  means t h a t  t h e  
horm ona l  e n v i r o n m e n t  o f  t h e  n e o n a t a l  p e r i o d  i s  c r i t i c a l  t o  
t h e  d e v e lo p m e n t  o f  a s m a l l  a p p a r e n t  Km o f  t h e  EM 
N - d e m e t h y l a s e  o f  t h e  m ale .
I n  a d d i t i o n  t o  t e s t i c u l a r  hormones i n  t h e  n e o n a t e ,  i t  i s  
a l s o  e v i d e n t  t h a t  t h e  a p p a r e n t  Km o f  t h e  EM N - d e m e t h y l a s e  was 
m in im iz e d  by t e s t o s t e r o n e  i n  t h e  a d u l t  m a le .  The Km o b t a i n e d  
f o r  t h e  enzyme f ro m  a d u l t  m a les  c a s t r a t e d  on Day 50 ( 0 . 5 4  ± 
0 . 0 2  mM) was 1 . 6  t i m e s  as l a r g e  as  t h a t  f o r  th s r e n z y m e  f ro m  
i n t a c t  m a le s .  However ,  t h e  Km f o r  t h e  enzyme f ro m  i n t a c t  
f e m a l e s  was g r e a t e r  th a n  t h a t  f r o m  t h e  c a s t r a t e d  a d u l t  m a les  
by 1. 6- f o l d  ( i . e . ,  i n t a c t  f e m a l e s  > c a s t r a t e d  a d u l t s  > i n t a c t  
m a l e s ) .  T h u s ,  t h e  a p p a r e n t  Km o f  t h e  EM N - d e m e t h y l a s e  i s  
d ep e n d e n t  on t h e  -p resenc e  o f  t e s t i c u l a r  hormones i n  adu l- thood  
t h e  e x p r e s s i o n  o f  w h ic h ,  i n  t u r n ,  i s  d ep en d en t  upon 
t e s t i c u l a r  s e c r e t i o n s  i n  t h e  n e o n a t a l  p e r i o d .
Thus ,  f o r  e t h y l m o r p h i n e  N—d e m e t h y l a s e ,  maximal  enzyme




v e l o c i t y  (Vmax) i s  g r e a t e r  i n  m a le  th a n  i n  f e m a l e  r a t s  w h i l e  
t h e  a p p a r e n t  Km i s  s m a l l e r .  I t  a l s o  a p p e a r s  t h a t  “t h e  . 
re s p o n s e  o f  b o th  k i n e t i c  p a r a m e t e r s  t o  a n d ro g e n s  i n  a d u l t h o o d  
i s  d e t e r m in e d  by t h e  p r e s e n c e  o f  t h e  t e s t e s  i n  t h e  n e o n a t a l  
p e r i o d .
3 .  D e o x y c o r t i c o s t e r o n e  5 0 C - r e d u c t a s e
Sex d i f f e r e n c e s  i n  t h e  a c t i v i t y  o f  t h e  d e o x y c o r t i c o s t e ­
ro n e  (DOC) 5 CC- r e d u c t a s e  were  a l s o  f o u n d - - ( T a b l e  I I ) .  The  
maximal  enzyme v e l o c i t y  (Vmax) was 3 . 5  t i m e s  g r e a t e r  (P < /
0 . 0 5 )  in  t h e  i n t a c t  f e m a l e  ( 4 . 7 2  ±.  y. 10 nmoles /min /mgMP)  
compared t o  t h e  r a t e  i n  t h e  i n t a c t  m a le  ( 1 . 3 6  ± 0 . 2 1  n m o le s /  
m m /m gM P) .  C a s t r a t i o n  o f  t h e  m a le  n e o n a t e s  a t  b i r t h  
s i g n i f i c a n t l y  i n c r e a s e d  t h e  Vmax t o  4 . 1 0  ±  0 . 4 5  n m o l e s / m in /  
mgMP; t h i s  v a l u e  d i d  n o t  d i f f e r 0 f ro m  t h a t  f o r  t h e  enzyme f ro m  
t h e  i n t a c t  a d u l t  f e m a l e  (P < 0 . 0 5 ) .  T h i s  i n c r e a s e  i n  t h e  
Vmax was n o t  due t o  t h e  s u r g e r y ,  p e r  se ,  a s  t h e  Vmax f o r  t h e .  
enzyme f ro m  a d u l t  m a les  s h a m - c a s t r a t e d  a t  b i r t h  ( 1 . 6 6  t  0 . 2 1  
nmoles /min /mgMP) was n o t  s i g n i f i c a n t l y  d i f f e r e n t  f ro m  t h a t  
f o r  t h e  enzyme f r o m . i n t a c t  a d u l t  m a les  (P < 0 . 0 5 ) .  Thus,  i t  
was t h e  absence  o f  t h e  t e s t e s  t h a t  c a u s e d ' t h e  i n c r e a s e  i n  
t h e  Vmax. T h i s  i n c r e a s e  was n o t  a f f e c t e d  by TP a d m i n i s t e r e d
f ro m  Day 5 0 - 5 9  as  t h e  Vmax o b t a i n e d  ( 3 . 8 0  ±  0 . 5 6  n m o l e s / m i n /  /
/
mgMP) was n o t  s i g n i f i c a n t l y  d i f f e r e n t  f ro m  t h e  i n t a c t  f e m a l e /
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T a b l e  I I .  The Vmax. and a p p a r e n t  Km o-f d e o x y c o r t i c o s t e r o n e  
5 C C - r e d u c t a s e  i n  r a t s  o-f d i f f e r i n g  e n d o c r i n e  
s t a t u s .  V a l u e s  a r e  t h e  mean ±  SE. Sample  s i z e  i n  
b r a c k e t s .
Groups Vmax
(n m o le s /m i  n/mgMP)
Km . 
(mM )
I n t a c t  m a les  C53 1 . 3 6  *  0 . 2 1  a 0 . 0 2 0  ± 0 . 0 0 4  a
1 2Sham—c a s t r a t e d  ’ ■ 1 . 6 6  ±  0 . 2 l a 0 . 0 3 0  ± 0 . 0 0 7 a
m a le  pups C33
C a s t r a t e d  a d u l t 2 . 3 6  *  0 . 1 1 0 . 0 0 4  t 0 . 0 0 1 b
m a les  . C52 '
I n t a c t  f e m a l e s  C53 4 . 7 2  ±  l . - 1 0 b 0 . 0 0 8  ± 5 0 . 0 0 2 b
2 2C a s t r a t e d - m a l e  J 3 . S O ' i  0 . 5 6 b 0 . 0 1 0  ± 0 . 0 0 2 b
pups E51




'^■Male pups s h a m - c a s t r a t e d  on Day 01 p o s t - p a r t u m  were  
g i v e n  no n e o n a t a l  s t e r o i d  t r e a t m e n t .  \
^ T P  ( 2 m g / r a t / d a y , sc )  was a d m i n i s t e r e d  f ro m  Day 5 0 r 5 9  o f  
l i f e .
M a le  pups c a s t r a t e d  on Day 01 p o s t - p a r t u m  were  g i v e n  no 
n e o n a t a l  s t e r o i d  t r e a t m e n t .  \
V a l u e s  w i t h  t h e  same s u p e r s c r i p t  a r e  n o t  s i g n i f i c a n t l y  
d i f f e r e n t  (P < 0 . 0 5 )  by Duncan’ s M u l t i p l e  Range T e s t .
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v a l u e  (P < 0 . 0 5 ) .  These  d a t a  mean t h a t  t h e  o v e r a l l
f
d e v e lo p m e n t  o f  t h e  Vmax o f  t h e  DOC .505- r e d u c t a s e  i s  p r i m a r i l y  
r e g u l a t e d  by  t h e  t e s t e s  i n  t h e  n e o n a t a l  p e r i o d .
However ,  t h e  Vmax o f  t h e  DOC 5 0 C - r e d u c t a s e  a l s o  a p p eared
t o  be d e p e n d e n t  upon e x p o s u r e  t o  and ro geps  i n  a d u l t h o o d .
C a s t r a t i o n  o f  t h e  a d u l t  m a le  on Day 50  o f  l i f e  r e s u l t e d  in  a
Vmax ( 2 . 3 6  ± ' 0 . 1 1  nm oles /m in /m gM P)  t h a t  was 7 4 ’/. l a r g e r  th a n
t h a t  f o r  t h e  enzyme i n  i n t a c t  a d u l t  m ales  (1 .3 6 '  ± 0 . 2 1
n m o le s /m in /m g M P ) .  These  two* v a l u e s  d i f f e r e d  s i g n i f i c a n t l y
*
. f ro m  each o t h e r  (P < 0 . 0 5 ) .  In  a d d i t i o n ,  t h e  Vmax f o r  t h e  
enzyme in.  c a s t r a t e d  a d u l t  m a le s  was a l s o  s i g n i f i c a n t l y  
d i f f e r e n t  (P < 0 . 0 5 )  f ro m  t h e  Vmax f o r  t h e  enzyme i n  i n t a c t  
a d u l t  f e m a l e s  ( 4 . 7 2  ±  1 . 1 0  n m o le s /m in /m g M P ) .  The se  ' 
o b s e r v a t i o n s  s u g g e s t  t h a t  (a )  t e s t o s t e r o n e  i n  t h e  a d u l t  male  
r a t  m a i n t a i n s  t h e  Vmax o f  t h e  DOC 5 C C - r e d u c t a s e  a t  i t s  
maximum p o s s i b l e  r a t e  and (b)  n e o n a t a l  i m p r i n t i n g  i s  
n e c e s s a r y  f o r  t h i s  phenomenon.
T h e r e  were  a l s o  sex d i f f e r e n c e s  in  t h e  a p p a r e n t  Km of  
t h e  DOC S C - r e d u c t a s e .  The Km was 2 . 5 - t i m e s  g r e a t e r  i n  
i n t a c t  m a les  ( 0 . 0 2 0  ± 0 . 0 0 4  mM) th a n  i n  i n t a c t  f e m a l e s  (<5,. 008  
± . 0 . 0 0 2  mM). The a p p a r e n t  Km’ s i n  a d u l t  m a le s  c a s t r a t e d  as  
pups,  r e g a r d l e s s  o f  w h e th e r  o r  n o t  TP was a d m i n i s t e r e d  in  
a d u l t h o o d  ( 0 . 0 1 0  ±  0 . 0 0 2  mM and 0 . 0 0 7  ±  0 . 0 0 1  mM, 
r e s p e c t i v e l y ) ,  were  s i g n i f i c a n t l y  s m a l l e r  (P < 0 . 0 5 )  t h a n  t h e  
v a l u e  o b t a i n e d  i n  i n t a c t  c o n t r o l  m a le s .  The se  v a l u e s  were
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n o t  s i g n i f i c a n t l y  d i f f e r e n t  ' from t h e  a p p a r e n t  Km o f  t h e  
enzyme i n  t h e  i n t a c t  f e m a l e s  (P < 0 . 0 3 ) . .  A p p a r e n t l y ,  t h e  
abs ence  o f  t h e  n e o n a t a l  t e s t e s  a b o l i s h e d  t h e  r e s p o n s e  o f ^ t h e  
a p p a r e n t  Km t o  t e s t o s t e r o n e  i n  a d u l t h o o d .  However ,  o u r  
r e s u l t s  a l s o  show t h a t  c a s t r a t i o n  o f  t h e  a d u l t  m a les  on Day 
5 0  o f  l i f e  s i g n i f i c a n t l y  d e c r e a s e d  t h e  a p p a r e n t  Km t o  0 . 0 0 4  ±- 
0 . 0 0 1  mM. T h i s  v a l u e  was n o t  s i g n i f i c a n t l y  d i f f e r e n t  f rom--  
t h e  v a l u e  i n  t h e  i n t a c t  f e m a l e  (P < 0 . 0 5 ) .  T o g e t h e r  t h e s e  
o b s e r v a t i o n s  s u g g e s t  t h a t  t h e  a p p a r e n t  Km o f  t h e  enzyme,  
w h i l e  i m p r i n t e d ,  i s  t o t a l l y  m a i n t a i n e d  a t  m a s c u l i n e  v a l u e s  by 
t h e  t e s t o s t e r o n e  i n  a d u l t  m a le .  S i t e r n a t i v e l y , i m p r i n t i n g  
may n o t  o c c u r  a t  a l l  and t h e  m a s c u l i n e  Km v a l u e s  a r e  
m a i n t a i n e d  b>> t e s t o s t e r o n e  i n  t h e  a d u l t  m a le ,^
To r e s o l v e  t h e s e  c o n f l i c t i n g  r e s u l t s  on t h e  
i m p r i n t a b i 1 i t y  o f  t h e  a p p a r e n t  Km o f  t h e  DOC 5 0 C - r e d u c t a s e ,  
l e t  us  e x a m in e  our  f i n d i n g s  i n  l a t t e r  e x p e r i m e n t s  ( d e t a i l s ,  
i n  S e c t i o n s  I I B  and I I I B  o f  R e s u l t s ) .  In  e x p e r i m e n t  113 ,  t h e  
a p p a r e n t  Km o f  t h e  enzyme i n  m a le s  ( n e o n a t a l l y  c a s t r a t e d ;  
t r e a t e d  w i t h  t e s t o s t e r o n e  as a d u l t s ) ,  t r e a t e d  w i t h  0 . 3 7  umole  
of  £2  n e o n a t a l l y ,  was s i g n i f i c a n t l y  l e s s  (P < 0 . 0 5 )  th a n  t h e  
v a l u e  f ro m  i n t a c t  m ales  and was i d e n t i c a l  t o  t h a t  f ro m  i n t a c t  
f e m a l e s  ( T a b l e  V I ) .  Thus ,  t e s t o s t e r o n e  i n  t h e  a 'd u l t  was 
w i t h o u t  e f f e c t .  The o t h e r  d a t a  i n  T a b l e  V I  a r e  n o t  u s e f u l  
f o r  o u r  p r e s e n t  p u rp o s e s  as  t h e y  can be i n t e r p r e t e d  t o  mean 
t h a t  TP and DHT i m p r i n t e d  a t  t h e  l o w e s t  d o s e .  In  e x p e r im e n t
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’• I I I B ,  n a f o x i d i n e ,  an e s t r o g e n  r e c e p t o r - b l o c k i n g  a g e n t ,  g i v e n  
n e o n a t a l l y  w i t h  E2 ,  TP, o r  DHT y i e l d e d  Km v a l u e s  t h i ^  w ere  
n o t  d i f f e r e n t  -from t h o s e  o-f i n t a c t  - females d e s p i t e  t h e  - fac t  
t h a t  t h e  r a t s  w ere  t r e a t e d  w i t h  t e s t o s t e r o n e  as  a d u l t s .
Thus,  we b e l i e v e  t h a t  t h e  DOC 5 C C - r e d u c t a s e  i s  ' in  f a c t  
i m p r i n t e d  i n  t h ^  sen se  t h a t  i t  i s  r e s p o n s i v e  t o  c i r c u l a t i n g  
and ro gens  b u t  t h a t  i t s  b a s a l  a p p a r e n t  Km, i n  a d u l t  m a le s  
c a s t r a t e d  n e o n a t a l l y ,  i s  equa l  t o  t h a t  found  i n  a d u l t  
f e m a l e s .
Thus,  t h e  k i n e t i c  p a r a m e t e r s  o f  t h e  DOC 5 C - r e d u c t a s e  
a r e  t h e  o p p o s i t e  o f  t h e  EM N - d e m e t h y l a s e .  The Vmax i n  i n t a c t  
f e m a l e s i s  g r e a t e r  t h a n  i n  i n t a c t  m a le s .  The a p p a r e n t  Km, on 
t h e  o t h e r  hand,  i s  g r e a t e r  in  m a les  th a n  in  f e m a l e s .  The 
re s p o n s e  "of t h e  two k i n e t i c  p a r a m e t e r s  t o \  t e s t o s t e r o n e  i n  t h e  
a d u l t  i s  p r i m a r i l y  r e g u la t 'e d  by t h e  t e s t e s  i n  t h e  n e o n a t a l  
p e r i o d .
I I .  . E f f e c t s  o f  ( n e o n a t a l  e x p o s u r e  t o  sex s t e r o i d s  on t h e
Vmax and a p p a r e n t  Km o f  EM' N -d e m e t h y 1a s e  and DOC 5CC-  
r e d u c t a s e
From t h e  r e s u l t s  o b t a i n e d  i n  e x p e r i m e n t  I ,  i t  became  
e v i d e n t  t h a t  t h e  p r e s e n c e  o f  t h e  t e s t e s  d u r i n g  e a r l y  n e o n a t a l *  
l i f e  caused t h e  m a s c u l i n i z a t i o n  o f  t h e  a p p a r e n t  Km and Vmax
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o f  t h e  EM N - d e m e t h y l a s e  and t h o s e  o-f t h e  DOC 5 0 5 - r e d u c t a s e .
I n  o t h e r  w o rd s ,  t h e  i m p r i n t i n g  e f f e c t  o-f t h e  t e s t e s  i n  t h e  
n e o n a t a l  p e r i o d  r e s u l t s  in  a p e rm a n e n t  " m a s c u l i n i z a t i o n "  o f  
t h e  b a s a l  l e v e l s  o f  a c t i v i t i e s  o f ' t h e  'two m icrosom al  enzymes  
( i . e . ,  a l a r g e  Vmax and a s m a l l  a p p a r e n t  Km f a r  t h e  EM 
N—d e m e t h y l a s e  apd a. s m a l l  Vmax and a l a r g e  a p p a r e n t  Km f o r  
t h e  DOC 5 05- r e d u c t a s e ) . S i m i l a r l y ,  i t  was a l s o  o b s e rv e d  t h a t  
t h e  m a s c u l i n i z i n g  e f f e c t s  o f  t e s t o s t e r o n e  i n  t h e  c a s t r a t e d  
a d u l t  m a le  r e q u i r e d  t l rp  p r e s e n c e  o f  t h e  t e s t e s  i n  t h e  
n e o n a t a l  p e r i o d .  In  o t h e r  w ords ,  i m p r i n t i n g  a l s o  ca u s e s  a 
r e s p o n s i v e n e s s  o f  t h e  EM N—d em ethy l  ase  and t h e  DOC 5 0 5 -  
' r e d u c t a s e  t o  t e s t o s t e r o n e  i n  a d u l t h o o d .  Thus,  a s e r i e s  o f  
e x p e r i m e n t s  w ere  p e r f o r m e d  t o  d e t e r m i n e  w h ich  sex s t e r o i d s  
a r e  i n v o l v e d  i n  t h e  i m p r i n t i n g  o f  t h e  a p p a r e n t  Km'and t h e  
Vmax o f  t h e s e  two h e p a t i c  m icrosom al  enzymes.  ^
On Days 2 ,  4 ,  and p o s t - p a r t u m ,  m a les  c a s t r a t e d  on Day 
1 o f  l i f e  w ere  i n j e c t e d ,  s c ,  w i t h  t e s t o s t e r o n e  p r o p i o n a t e  
( T P ) ,  1 7 B - e s t r a d i o l  b e n z o a t e  ( E 2 ) , o r  5 0 5 - d i h y d r o t e s t o s t e r o n e  
b e n z o a t e  (DHT) a t  f o u r  doses :  0 . 3 7 ,  0 . 7 3 ,  1 . 4 5 ,  o r  2 . 9 0
• i
u m o l e s / p u p / d a y . A l l  r a t s  r e c e i v e d  TP (2  m g / r a t / d a y ,  sc) f ro m
Day 5 0 - 5 9  o f  l i f e  and were  k i l l e d  24  h o u r s  a f t e r  t h e  f i n a l
i  n j e c t i  o n .
*
A. E t h y lm o r p h in e :  N - d e m e t h y l a s e
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; The tw o -w a y  anova  on t h e  d a t a  f o r  t h e  Vmax and t h e  
• a p p a r e n t  Km o f  EM N - d e m e t h y l a s e  a r e  shown i n  T a b l e s  111A and 
I I I B .  T h e re  w ere  no s i g n i f i c a n t  d i f f e r e n c e s  among t h e  t h r e e  
s t e r o i d s  i n  t h e i r  i m p r i n t i n g -  o f  e i t h e r  t h e  Vmax o r  t h e  
a p p a r e n t  Km. T h a t  i s ,  u n d e r  t h e  dose r e g i m e  used h e r e ,  TP,
E2, and DHT w ere  i n d i s t i n g u i s h a b l e .  How ever ,  t h e  i m p r i n t i n g
r
e f f e c t s  d i f f e r e d  s i g n i f i c a n t l y  w i t h  dos e ,  a l t h o u g h  t h e  d o s e -  
r e s p o n s e  was t h e  same f o r  a l l  t h r e e  s t e r o i d s  as t h e r e  was no 
s i g n i f i c a n t  s t e r o i d  x dose i n t e r a c t i o n  (P < 0 . 0 5 ) .  The d a t a  
w ere  f u r t h e r  a n a l y z e d  by one -w ay  a n a l y s e s  o f  v a r i a n c e  and  
c o m p a r is o n s  betw een  i n d i v i d u a l  means w ere  made by use o f  
Duncan’ s New M u l t i p l e  Range T e s t .
*
As shown i n  T a b l e  I V ,  t h e  Vmax o f  t h e  EM N - d e m e t h y la s e  
f ro m  r a t s  t r e a t e d  w i t h  . 0 . 3 7  umole o f  TP ( 3 . 7 8  ±  0 . 2 1  n m o le s /  
min/mgMP) d i f f e r e d  s i g n i f i c a n t l y  (P < 0 . 0 5 )  f ro m  t h a t  f o r  t h e  
enzyme f ro m  i n t a c t  m a les  ( 8 . 0 3  ±  0 . 2 1  nm oles /m in /m gMP)  b u t  
n o t  f ro m  t h e  Vmax f o r  t h e  enzyme f rom  i n t a c t  f e m a le s  < 3 .3 5  -*• 
0 . 1 6  n m o le s /m in /m g M P ) .  Thus,  a t  t h i s  dose ,  TP f a i l e d  t o  
i m p r i n t  t h e  Vmax o f  t h e  EM N - d e m e t h y l a s e .  S i m i l a r  r e s u l t s  
were  o b t a i n e d  f ro m  t h e  r a t s  t r e a t e d  ' w i t h  0 . 3 7  umole o f  E2.
The Vmax f o r  t h e  enzyme ( 3 . 9 8  ±  0 . 2 2  nm oles /m in /m gMP) was 
s i g n i f i c a n t l y  l e s s  (P. < 0 . 0 5 )  th a n  t h ^ t  f o r  t h e  enzyme f ro m  
^  i n t a c t  m ales  b u t  was n o t  s i g n i f i c a n t l ' y  d i f f e r e n t  f ro m  t h a t  in
i n t a c t  f e m a le s  (P < 0 . 0 5 ) .  S i m i l a r l y ,  i n  D H T - t r e a t e d  r a t s ,  
no m a s c u l i n i z a t i o n  was e f f e c t e d  a t  0 . 3 7  um ole:  t h e  Vmax ( 3 . 6 9
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Table IX I  A. The imprinting of the Vmax (nmoles/min/mgMP) o-f
ethylmorphine N-demethylase by testosterone propio­
nate, 17B-estradiol benzoate, and 5CC-dihydrotestos­
terone benzoate. Two-way analysis o-f variance.
ANALYSIS OF VARIANCE

























C r i t i c a l  values of the F -d is t r ib u t io n  at  0.05:
F (4,46) = 2.586 F(2,46)  = 3.206 F(8,46)' = 2.156  
* s ig n i f ic a n t  F value
Table I I I B .  The imprinting of the apparent Km (mM) of
ethylmorphine N-demethylase by testosterone propio­
nate,  173-estradiol benzoate',' and 5Cb-dihydrotestas-  
terone benzoate. Two-way analysis of variance.
ANALYSIS OF VARIANCE
Source of Variat ion df SS MS F
Subgroups 14 0.695143 0.049653
Dose A 0.642717 0.160679 33.86*
Steroid n 0.005939 0.002969 0.63
Dose x Steroid g 0.020995 0.002624 0.55
Within subgroups 46 0.218259 O.004745
Total 60 0.387910
C r i t i c a l  values e« the F-d is t r ib u t io n at  0.05:
F C4,46) = 2.586 F (2,46) = 3.206 F(8 , *6 ) = 2.156
* s ig n i f ic a n t  F value
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Table IV. Imprinting o-f the Vmax and apparent Km o-f ethylmorphine 
^l-demethylase by testosterone propionate, 17B-estradiol  
benzoate, and 5ffi -dihydrotestosterone benzoate. Values 







In tac t  male, S. 03 ± 0 . 21a 0.32 p 0 . 02a ^
no TP E53 . ■ 1
TP 0.37 C3] 3.78 ± 0.21
)
0. 5o ± 0 .,£3
0.73 ca:
\
9.47 ± O.Z5a ' 0.25 p 'o .0 3b
1.45 [4] 7.93 ± 0.24a- 0:33 i  0,01a
2 .90_ [41 9.54’ ± 0.5Sa 0.32 P 0.01a




on 0.37 [43 ■ 3.90 ± 0.22 0.57 *  0.04
0.73 [43 9.29 t  0 . 42a - 0.27 p 0 . 03a
/
1.45 [43 9.15 *  0 . 93a 0.29 ± 0 . 0 l a
2.90 [33. 9.32 p 0.4 ‘l a 0.29 *  0 .05a
Intact  male, _ 9.03 p 0. 2 l a 0.32 -  0 .02a
1 no DHT4 [53
DHT 0.37 [43 3.69 *  0.39 ' 0.61 p 0.09
0.73 [43 9.5c + 0 . 73a 0.31 -  0 . 03a
1.45 [43 7.91 *  0 . 52a 0.30 p 0 . 04a
2.90 [43 9.41 p 0 .55a 0.30 *  0 .04a
TP, E2, and DHT were in jected (dose/pup, sc) on Days 2, 4,  ̂
and 6 post-partum in 20 ul o-f propylene glycol .  All  ra ts  
received TP (2 mg/rat/day, sc) from Day 50-59 of l i f e .  
Values with the same superscript are not s ig n i f i c a n t ly  
d i f fe r e n t  (P < 0.05) by Duncan’_s M u lt ip le  Range'Test.
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±  0 . 1 6  nm oles /m in /m gM P )  Mas s i g n i f i c a n t l y  < 0 . 0 5 )
t h a n  t h a t  f o r  t h e  enzyme f ro m  i n t a c t  m a le s  b u t  d i d  n o t  d i f f e r
s i g n i f i c a n t L y  f ro m  t h a t  i n  i n t a c t  f e m a l e s - ( P  < 0 . 0 5 ) .
*  ,
Thu s ,  a t  0 . 3 7  um ole ,  TP, E2 ,  and DHT f a i l e d  t o  i m p r i n t
; t h e  Vmax o f  t h e  EM N - d e m e t h y l a s e .  I n  o t h e r  w ords,  t h i s  dose
o f  TP, E2 ,  o r  DHT g i v e n  t o  c a s t r a t e d  m a le  pups f a i l e d  t o
m im ic  t h e  m a s c u l i n i z i n g  e f f e c t  o f  t h e  t e s t e s  i n  t h e  i n t a c t
m a le  n e o n a t e .
F u r t h e r m o r e ,  t h e  r e s u l t s  show t h a t  th e '  Vmax f o r  t h e  EM
N—d e m e t h y l a s e  f ro m  r a t s  t r e a t e d  w i t h  0 . 7 3  umole o f  TP
* i n c r e a s e d  t o  B . 4 7  ±  0 . 2 5  nm oles /m in /m gM P ;  t h i s  v a l u e  was n o t
s i g n i f i c a n t l y  d i f f e r e n t  f ro m  t h e  Vmax f o r  t h e  enzyme o b t a i n e d
►
f ro m  i n t a c t  m a les  (P < 0 . 0 5 ) .  Thus ,  t h i s  dose m a s c u l i n i z e d  
t h e  Vmax. No f u r t h e r  change i n  t h e  Vmax was o b s e r v e d  a t  t h e  
h i g h e r  doses  o f  TP. ’ Thus ,  t h e  v a l u e s  o b t a i n e d  f o r  t h e  enzyme  
f ro m  r a t s  t r e a t e d  w i t h  1 . 4 5  um oles  ( 7 . 8 3  ±  0 . 2 4  n m o les /m in /m g  
MP) o r  w i t h  2 . 9 0  um oles  ( 9 . 5 4  ±  0 . 5 8  nm oles /m in /m gMP)  o f  t h e  
sex s t e r o i d  w ere  n o t  s i g n i f i c a n t l y  d i f f e r e n t  (P < 0 . 0 5 )  f rom  
t h e  Vmax f o r  t h e  enzyme f ro m  r a t s  t r e a t e d  w i t h  0 . 7 3 . umole o f  
TP.
S i m i l a r l y ,  an i n c r e a s e  i n  t h e  dose  o f  E2 t o  0 . 7 3  umole  
was a l s o  accom pan ied  by a  t w o - f o l d  i n c r e a s e  i n  t h e  Vmax 
( 8 . 2 9  ±  0 . 4 2  n m o le s /m in /m g M P ) .  T h i s  v a l u e  d i d  n o t  d i f f e r  
s i g n i f i c a n t l y  from- t h e  i n t a c t  m a le  v a l u e  (P < 0 , 0 5 ) .  In  
o t h e r  w o rd s ,  0 . 7 3  umole o f  E2 e f f e c t i v e l y  m a s c u l i n i z e d  t h e
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Vmax o-f t h e  EM N - d e m e t h y l a s e .  I n c r e a s i n g -  t h e  dose o-f- E2 t o  
e i t h e r  1 . 4 5  o r  2 . 9 0  um oles  d i d  n o t  c a u s e  - f u r t h e r
m a s c u l i n i z a t i o n .  The Vmax’ s  o b t a i n e d  ( S . 15 ±  0 . 8 3  n m o le s /
' ¥ 
min/mgMP and 9 . 3 2  ±  0 . 4 1  nmol .es/min/mgMP, r e s p e c t i v e l y )  w ere ;
n o t  s i g n i f i c a n t l y  d i f f e r e n t  f ro m  t h a t  f o r  t h e  enzyme f rom
r a t s  t r e a t e d  w i t h  0 . 7 3  um ole  o f  E2.
S i m i l a r  r e s u l t s  w e re  o b t a i n e d  f ro m  t h e  r a t s  t r e a t e d  w i t h
DHT. Maximal  enzyme v e l o c i t y  i n c r e a s e d  2 . 3 - f o l d  as  t h e
s  s t e r o i d  d o s e ’was d o u b le d  to ^ O .T S  um ole .  The . v a l u e  o f  t h e
*
1 Vmax ( 8 . 5 6  ±  0 . 7 3  nm oles /m in /m gMP)  was n o t  s i g n i f i c a n t l y
d i f f e r e n t  (P < 0 . 0 5 )  f ro m  t h e  i n t a c t  m a le  v a l u e .  No f u r t h e r  
m a s c u l i n i z a t i o n  o f  t h e  Vmax was o b s e r v e d  a t  t h e  h i g h e r  doses  
o f  DHT. .The  Vmax’ s o f  t h e  EM N - d e m e t h y l a s e s  i n  r a t s  t r e a t e d  
w i t h  1 . 4 5  umoles  ( 7 . 9 1  ±  0 . 5 2  nm oles /m in /m gM P)  o r  w i t h  2 . 9 0  
um oles  ( 9 . 4 1  ±  0 . 5 5  nm oles /m in /m gMP)  o f  t h e  sex s t e r o i d  were  
n o t  s i g n i f i c a n t l y  d i f f e r e n t  (P < 0 . 0 5 )  f ro m  t h a t  f o r  t h e  
enzyme f ro m  r a t s  t r e a t e d  w i t h  0 . 7 3 'u m o le  o f  DHT.
.Thus, a t  0 . 7 3  um ole ,  each o f  t h e  t h r e e  sex s t e r o i d s
t
f u l l y  m a s c u l i n i z e d  t h e  Vmax o f  t h e  EM N - d e m e t h y l a s e .  The  
Vmax v a l u e s  o b t a i n e d  f o r  t h e  enzymes ' in  T P - ,  E 2 - , - a n d  DHT-  
t r e a t e d  r a t s  d i f f e r e d  s i g n i f i c a n t l y  f ro m  t h e  Vmax f o r  t h e  
enzyme f ro m  i n t a c t  f e m a l e s  (P < 0 . 0 5 )  ( T a b l e  I ) .  T h i s  
s u g g e s t s  t h a t  i n  c a s t r a t e d  m a le  pups,  0 . 7 3  umole o f  exogenous  
TP, E2 ,  o r  DHT mimicked t h e  i m p r i n t i n g  a b i l i t y  o f  t h e  t e s t e s  
i n  t h e . i n t a c t  m a l e - n e o n a t e .  T h i s  i m p r i n t i n g  e f f e c t  was
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' maximal  as  f u r t h e r - i n c r e a s i n g  t h e  dose o f  any  o f  t h e  sex
s t e r o i d s  t o  e i t h e r  1 . 4 5  o r  2 . 9 0  um oles  d i d  n o t  cau se  ■ -Fur th er  
m a s c u l i n i z a t i o n . '
The  r e s p o n s e  o f  t h e  Vmax t o  t h e  s t e r o i d s  may b e s t  be  
d e s c r i b e d  as  an a l l - o r — none t y p e  o f  r e s p o n s e .  We have  a 
s i t u a t i o n  where  i m p r i n t i n g  o f  t h e  Vmax o f  t h e  £M 
N - d e m e t h y l a s e  was n o t  e f f e c t e d  -  a "none" r e s p o n s e . -  a t  0 . 3 7
.■‘ri
umole  o f  TP, E2 ,  o r  DHT w h ich  was f o l l o w e d  by c o m p le t e  
m a s c u l i n i z a t i o n  -  an " a l l "  r e s p o n s e  -  a t  0 . 7 3  umole o f  any o f  
t h e  t h r e e  sex s t e r o i d s . .  F i g u r e  2  ' i  11 u s t r a t e s  t h i s  d o s e -  
r e s p o n s e  r e l a t i  onshipf - ' in  t h e  i m p r i n t i n g  o f - t h e  Vmax o f  t h e  EM
' ■ \  % . r
N - d e m e t h y l a s e .  ‘ I t  s h o u ld  be n o t e d ,  h o w eve r ,  t h a t  t h i s  a l l -  
or— none re s p o n s e  i s  p r o b a b l y  an a r t i f a c t  o f  t h e  few doses  
e m ployed .  E x a m in a t i o n  o f  t h e  doses  betw een 0 . 3 7  and 0 . 7 3  
umole would  be e x p e c t e d  t o  y i e l d  t h e  t y p i c a l  s i g m o i d a l  dose— 
r e s p o n s e .
The a p p a r e n t  Km o f  t h e  EM N - d e m e t h y l a s e  responded  t o  t h e
/  .
•». s t e r o i d s  in  much t h e  same way as  d i d  t h e  Vmax ( T a b l e  IV )  .
Enzymes f ro m  r a t s  t r e a t e d  w i t h  0 . 3 7  umole o f  TP, E2 ,  o r  DHT 
e x h i b i t e d  a p p a r e n t  Km’ s < 0 .5 3  ±  0 . 0 3  mM, 0 . 5 7  ±  0 . 0 4  mM, and 
0 . 6 1  ±  0 . 0 8  mM, r e s p e c t i v e l y )  t h a t  w ere  s i g n i f i c a n t l y  g r e a t e r
■f
(P < 0 . 0 5 )  th a n  t h a t  f o r  t h e  enzyme’ f ro m  i n t a c t  m a les  ( 0 . 3 2  -*• 
0 . 0 2  mM) b u t  w ere  n o t  s i g n i f i c a n t l y  d i f f e r e n t  f ro m  t h a t  f o r  
t h e  enzyme f ro m  i n t a c t  f e m a l e s  ( 0 . 8 7  ± 0 . 0 2  mM). Thus,  a t  
t h i s  dose ,  a l l ' t h r e e  s t e r o i d s  f a i l e d  t o  m a s c u l i n i z e .  t h e
• •  • • r  6
r
c. '
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y  . . ■
I m p r i n t i n g ,  by sex s t e r o i d s ,  or  t h e  Vmax 
o t  • e t h y l l t l b r p h in e  N - d e m e t h y l a s e .  TP, E l .  
and DKT w ere  a d m i n i s t e r e d  as d e s c r i b e d  ('see 
M a t e r i a l s  and M e th o d s ) .  C o n t r o l s  ( ♦ )  yiers  
m ale  pups c a s t r a t e d  on -Day 1 p o s t - p a r t u m  
who were g i v e n  no s t e r o i c  n e c n a t a l l y . .  *-11 
t r e a t e d  r a t s  r e c e i v e d  TP (2 m g / r a t / d a y ,  sc)  
■from Day 5 0 - 5 9  o f  l i f e .  V a l u e s  f o r  t h e  
i n t a c t  a d u l t  .male (C*)  and t h e  i n t a c t  a c u l t  
f e m a le  ( Q )  a r e  a l s c  c i v e n .  . "
F i g u r e  2
































a p p a r e n t  Km o f  t h e  EM N - d e m e t h y l a s e .  T h i s  i n d i c a t e s  t h a t  
0 . 3 7  umole  0*  TP, E 2 ,  o r  DHT g i v e n  t o  c a s t r a t e d  m ale  pups  
• f a i l e d  t o  mimic t h e  m a s c u l i n i z i n g  e f f e c t  o f  t h e  t e s t e s  - in t h e  
i n t a c t  m ale  neo n a te . .
I n c r e a s i n g  t h e  dose d f  'TP t o  0 . 7 3  um ole  caused a 53% 
r e d u c t i o n  i n  t h e  a p p a r e n t  Km ( 0 . 2 5  ±  0 . 0 3  mM). S i n c e  t h i s  
v a l u e  i s  s i g n i f i c a n t l y  l e s s  (P < 0 . 0 5 )  t h a n  t h e  Km f o r  t h e  
enzyme i n  i n t a c t  m a le s ,  i t  may be r e g a r d e d  as  a " h y p e r ­
m a s c u l i n i z e d "  a p p a r e n t  Km. F u r t h e r  i n c r e a s i n g  t h e  dose  t o
1 . 4 5  o r  2 . 9 0  um oles  i n c r e a s e d  the»Km t o  0 . 3 3  *  0 . 0 1  mM and 
0 . 3 2  ±  0 . 0 1  mM, r e s p e c t i v e l y ,  n e i t h e r  o f  w h ic h  were  
s i g n i f i c a n t l y  d i f f e r e n t  f ro m  t h e  v a l u e  f o r  t h e  enzyme f ro m  
t h e  i n t a c t  m ale  (P < 0 . 0 5 ) .  Thus ,  t h e  s i t u a t i o n  i s  such t h a t  
t h e r e  is - -no  i m p r i n t i n g  a t  0 . 3 7 . umole  o f  TP and t h e r e  i s
c o m p le t e  m a s c u l i n i z a t i o n  ( “h y p e r -m a s c u l  i m z a t i o n "  a t  0 . 7 3
*
umole  and " n o r m a l " m a s c u l i n i z a t i o n  a t  1 . 4 5  o r  2.-90 u m o l e s ) .  
T h i s  c o n c e p t  o f  a "hyper— m a s c u l i n i z e d "  Km must be t a k e n  w i t h  
c a u t i o n .  A t  p r e s e n t  we have  no way o f  a s c e r t a i n i n g  w h e th e r  
t h i s  phenomenon i s  r e a l  o r  w h e th e r  i t  i s  s i m p l y  a r e f l e c t i o n  
o f  t h e  i n d i v i d u a l  v a r i a t i o n  i n  t h e  a n i m a l s  used .
The e f f e c t s  o f  t h e  h i g h e r  doses  o f  E2 ( 0 . 7 3  — 2 . 9 0  
um oles)  on t h e  a p p a r e n t  Km o f  t h e  EM N - d e m e t h y l a s e  were  
q u a l i t a t i v e l y  t h e  same as  t h e i r  e f f e c t s  on t h e  Vmax. At  0 . 7 3  
um ole ,  t h e r e  was a 52% r e d u c t i o n  i n  t h e  a p p a r e n t  Km ( 0 . 2 7  ±  
0 . 0 3  mM) w hich  was n o t  s i g n i f i c a n t l y  d i f f e r e n t  f ro m  t h a t  i n
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i n t a c t  a d u l ' t  m a les  (P < 0 . 0 5 ) .  Thus,  t h i s  dose  m a s c u l i n i z e d  
t h e  k i n e t i c  p a r a m e t e r .  No a d d i t i o n a l  e f f e c t  was o b s e rv e d  a t  
t h e  h i g h e r  doses 'o - f  E2 ( 1 . 4 5  and 2 . 9 0  um oles )  as  t h e  a p p a r e n t  
Km’ s ( 0 . 2 9  ±  0 . 0 1  mM and 0 . 2 9  ±  0 . 0 5  mM, r e s p e c t i v e l y )  were  
n o t  s i g n i f i c a n t l y  d i f f e r e n t  f ro m  t h a t  o b t a i n e d  a t  0 . 7 3  umole  
(P. < 0 . 0 5 ) .  ' -
The enzyme f ro m  D H T - t r e a t e d  r a t s  behaved  s i m i l a r l y  t o
t h a t  f ro m  E2— -and TP—t r e a t e d  r a t s .  T h e r e - w a s  a 507. r e d u c t i o n
i n  t h e  a p p a r e n t  Km, f o l l o w i n g  a t w o - f o l d  i n c r e a s e  i n  dose
( 0 . 7 3  u m o l e ) ,  t o  g i v e  an a p p a r e n t  Km ( 0 . 3 1  ±  0 . 0 3  mM) t h a t
d i d  n o t  d i f f e r  s i g n i f i c a n t l y  f ro m  t h e  i n t a c t  m a le  v a l u e  (P <
0 . 0 5 ) .  No f u r t h e r  m a s c u l i n i z a t i o n  was o b s e r v e d  a t  1 . 4 5  o r
2 . 9 0  um oles  o f  DHT as  t h e  v a l u e s  ( 0 . 3 0  ±  0 . 0 4  mM and 0 . 3 0  ±
♦
0 . 0 4  mM, r e s p e c t i v e l y )  w ere  n o t  s i g n i f i c a n t l y  d i f f e r e n t  f rom  
t h a t  i n  r a t s  t r e a t e d  w i t h  0 . 7 3  umole o f  ‘♦DHT (P < 0 . 0 5 ) .
Thus ,  a t  0 . 7 3  u m ole ,  TP, 'E 2 ,  and DHT c o m p l e t e l y  
m a s c u l i n i z e d  t h e  a p p a r e n t  Km o f  t h e  EM N—d e m e t h y l a s e .  None 
o f  t h e  v a l u e s  o b t a i n e d  d i f f e r e d  s i g n i f i c a n t l y  f rom  t h e  i n t a c t  
m ale  v a l u e  (P < 0 . 0 5 )  b u t  a l l  d i f f e r e d  s i g n i f i c a n t l y  f ro m  t h e  
' a p p a r e n t  Km f o r  t h e  enzyme in  i n t a c t  f e m a l e s  (P < 0 . 0 5 )
( T a b l e  I ) .  These i n d i c a t e  t h a t  exogenous TP, E2, o r  DHT, 
g i v e n  a t  0 . 7 3  umole t o  c a s t r a t e d  m a le  pups,  m im icked  t h e  
i m p r i n t i n g  e f f e c t s  o f  t h e  n e o n a t a l  t e s t e s .  M o r e o v e r ,  t h i s  
i m p r i n t i n g  e f f e c t  was maximal  as  no f u r t h e r  m a s c u l i n i z a t i o n  
of  t h e  a p p a r e n t  Km was o b s e rv e d  a t  t h e  h i g h e r  s t e r o i d  doses
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C1.45  o r  2 . 9 0  u m o l e s ) .
F i g u r e  3  i l l u s t r a t e s  t h e  r e l a t i o n s h i p  be tw eep  t h e  
a p p a r e n t  Km o f  EM N - d e m e t h y l a s e  and t h e  s t e r o i d  dose used.
A l l  t h r e e  sex s t e r o i d s  -  TP, E2 ,  and DHT -  caused an a l l - o r —  
none t y p e  o-f e f f e c t  o v e r  t h e  r a n g e  o f  dps^s used h e r e .  Each 
was i n e f f e c t i v e  ( "none"  re s p o n s e )  a t  0 . 3 7  um ole ;  a t  0 . 7 3  
um ole ,  a l l  s t e r o i d s  c o m p l e t e l y  m a s c u l i n i z e d  ( " a l l "  re s p o n s e )  
t h e  a p p a r e n t  Km o f  t h e  enzyme. ^
Thus,  f o r  t h e  EM N - d e m e t h y l a s e ,  t h e  l o w e s t  dose o f  TP,. 
E2,  and DHT f o r  i m p r i n t i n g  b o th  t h e  Vmax and t h e  a p p a r e n t  Km 
l i e s  b e t w e e n . 0 . 3 7  and 0 . 7 3  um ole .
B. D e o x y c o r t i c o s t e r o n e  5 0 1 - r e d u c t a s e
T a b l e s  VA and VB show t h e  tw o -w ay  a n a l y s e s  o:f v a r i a n c e
’ ^
f o r  t h e  d a t a  on t h e  DOC 5 G C - r e d u c t a s e .  No s i g n i f i c a n t  
s t e r o i d  e f f e c t s  were  e v i d e n t  i n  t h e  i m p r i n t i n g  o f  t h e  Vmax o r  
t h e  a p p a r e n t  Km. Thus,  TP, E2 ,  and DHT w ere  i n d i s t i n g u i s h a ­
b l e  i n  t h e i r  e f f e c t s  on t h e  DOC 5 C C - r e d u c t a s e .  However ,  th e  
i m p r i n t i n g  e f f e c t s  d i f f e r e d  w i t h  t h e  dose use d ,  a l t h o u g h  t h e  
d o s e - r e s p o n s e  was t h e  same f o r  a l l  t h r e e  s t e r o i d s  as t h e r e  
was no s i g n i f i c a n t  (P < 0 . 0 5 )  s t e r o i d  x dose i n t e r a c t i o n .
The d a t a  w ere  f u r t h e r  a n a l y z e d  v i a  one -w ay  a n a l y s e s  of  
v a r i a n c e  and D u n c a n 's  New M u l t i p l e  Range T e s t  t o  d e t e r m i n e  
which doses  d i f f e r e d  i n  t h e i r  e f f e c t s .
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F i g u r e  3 -  I m p r i n t i n g ,  by sex s t e r o i d s ,  o f  t h e
: a p p a r e n t  Km c f  e t h y l m c r p h i n e  N - d e m e t h y l a s e .
TP, E2, and DHT w ere  a d m i n i s t e r e d  as  
d e s c r i b e d  (s e e  M a t e r i a l s  and M e th o d s ) .  
C o n t r o l s  ( ♦ )  .were male  pups c a s t r a t e d  on 
Day 1 p o s t - p a r t u m  who w ere  g i v e n  no s t e r o i d  
n e o n a t a l l y . .  A l l  t r e a t e d  r a t s  r e c e i v e d  TP 
(2  m g / r a t / d a y ,  sc )  f rom  Day 5 0 - 5 9  o f . l i f e .
V a lu e s  f o r  t h e  i n t a c t  a d u l t  male  ( C^) and
t h e  i n t a c t  a d u l t - f e m a l e  ( ^ ) a r e  a l s o  
g i v e n .
/
J











































Table VA. The imprint ing of the Vmax (nmoles/min/mgMP) of
deoxycorticosterone 3CC-reductase by testosterone pro­
pionate, 17B-estradiol benzoate, and 5GC-dihydrotestos-  
terone benzoate. Two-way analysis of variance.
ANALYSIS OF VARIANCE • .
Source of Var ia t ion df- ss MS F
"Subgroups 14 26.726025 1.909112
Dose 4 21.285963 5.321491 19.23*
Steroid 2 0.178154 0.089077 0.32
Dose x Steroid a 3.431495 0.428937 _ 1.55
Within subgroups 45 12.454293 0.276762
Total 59 37.349895
C r i t i c a l  values of the F -d is t r ib u t io n  a t  0.05:
• F ( 4 , 45) = 2.59 .F (2,45) = 3.21 F (8,45) = 2.16
* s ig n i f ic a n t  F value
Table VB. The imprinting of the apparent Km (mM) of
deoxycorticosterone 5CC-reductase by testosterone pro­
pionate, '173-estradiol  benzoate, and 5 t t -d ihydrotestos­
terone benzqate. Two-way analysis of variance.
ANALYSIS OF VARIANCE

























"Crit ica l  values of the F -d is t r ib u t io n  ,at  0.05:
F (4,45) = 2.59 F(2,45) = 3.21 F(8,45) = 2.16  
* s ig n i f ic a n t  F value
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As shown in.  T a b l e  V I ,  t h e  Vmax o f  t h e  DOC 5 C C - r e d u c t a s e  
respo nded  t o  t h e  sex  s t e r o i d s  i n  much t h e  same way as  d i d  
t h a t  o f  t h e  EM N - d e m e t h y l a s e .  The Vmax caused by 0 . 3 7  umole  
o-F TP ( 2 . 4 8  ±  0 . 0 4  nmoles /min /mgMP) was s i g n i - F i c a n t  1 y g r e a t e r  
(P < 0 . 0 5 )  th a n  t h e  Vmax -Found in  i n t a c t  c o n t r o l  m ales  ( 1 . 3 6  
± 0 . 2 1  nmoles /min /mgMP) b u t  d id  n o t  di-F-Fer f rom  t h e  Vmax 
-Found i n  i n t a c t  -Females ( 4 . 7 2  ±  1 . 1 0  n m o le s /m in /m g M P ) .  Thus,
r
t h i s  dose o-F TP was. i  n e t  f e e t  i ve in  i m p r i n t i n g  t h e  k i n e t i c  
p a r a m e t e r .  The r e s p o n s e s  o b t a i n e d  w i t h  t h e  same dose o-f E2 
were  q u a l i t a t i v e l y  s i m i l a r . .  T h i s  s t e r o i d  a l s o  -Fa i led  t c  
m a s c u l i n i z e  t h e  Vmax a t  0 . 3 7  umole w here  t h e  v a l u e  o b t a i n e d  
( .3 .65  ±  0 . 4 8  nm oles /m in /m gM P)  was s i g n i f i c a n t l y  g r e a t e r  (P ( 
0 . 0 5 )  th a n  t h e  v a l u e  f o r  t h e  enzyme f ro m  i n t a c t  c o n t r o l  
m a le s .  S i m i l a r l y ,  0 . 3 7  umole  o f  DHT was i n e f f e c t i v e  in  
m a s c u l i n i z i n g  t h e  k i n e t i c  p a r a m e t e r  o f  t h e  DOC 5 f f - r e d u c t a s e ;  
t h e  Vmax o b t a i n e d  a t  t h i s  dose o f  DHT ( 2 . 9 2  q 0 . 4 0  n m o le s /  
min/mgMP) d i f f e r e d  s i g n i f i c a n t l y  f ro m  t h e  Vmax f o r  t h e  enzyme  
f ro m  i n t a c t  c o n t r o l  m a les  (P < 0 . 0 5 ) .
Thus,  a t  O'. 37 um ole ,  TP, E2, and DHT f a i l e d  t o  i m p r i n c  
t h e  Vmax o f  t h e  DCC 5 C C - r e d u c t a s e .  A l l  t h e  v a l u e s  o b t a i n e d  
were  s i g n i f i c a n t l y  d i f f e r e n t  f rom  t h a t  f o r  t h e  enzyme f rom  
i n t a c t  c o n t r o l  m a les  <P < 0 . 0 5 )  and n o t  s i g n i f i c a n t l y  
d i f f e r e n t  (P < 0 . 0 5 )  f ro m  t h a t . f o r  t h e  enzyme f ro m  i n t a c t  
f e m a l e s  ( 4 . 7 2  ±  1 . 1 0  nmoles /min /mgMP) ( T a b l e  I I ) .  In  o t h e r  
words,  a t  t h i s  dose,  none o f  t h e  t h r e e  sex s t e r o i d s  g i v e n  : o
V.'
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Table VI.  Imprinting of the Vmax and apparent Km o-f deoxycorti­
costerone 505-reductase by testosterone propionate,  
17B-estradiol benzoate, and 505-dihydrotestosterone  








Intact males, 1.36 ± 0.21a 0.020 ± 0.004a
no TP 151
TP 0.37 [33 2.48 * 0.04 0.016 ± 0.001a
0.73 C43 . 1.79 ± 0. 18a 0.025 ± 0.006a
1.45 [43 1.57 ± 0.l0a 0.017 ± 0.003 a
2.90 [43 1.79 ± 0.15 a 0.026 ± 0. 004a
Intact males, 1.36 ± 0.21a 0.020 ± 0.004a
no E2 [53
. E2 0.37 [43 —  3.65 ± 0.48
«
0.008 ± 0.002
0.73 [43 1.70 * 0.18 a 0.020 ± 0.003a
1.45 [43 0.98 ± 0.23a 0.015 ± 0.004a
2.90 [33 1.75 ± 0.07 a 0.028 ± 0.005 a
Intact males, 1.36 ± 0.21a 0.020 ± 0.004a
no DHT [53
DHT 0.37 [43 2.92 ± 0.40 0.011 ± 0.006 a
a a0.73 [43 2.12 ± 0.35 0.037 ± 0.010
1.45 [43 1.42 ± 0.27a 0,021 ± 0.003 a
2.90 [43 1.85 ± 0.26 a 0.026 ± 0.005 a
TP, E2, and DHT were injected (dose/pap, sc) on Days 2, 4, 
and 6 post-partum in 20 ul erf propylene glycol. All rats 
received TP (2 mg/rat/day, sc) from Day 50-59 o-f li-fe. 
Values with the same superscript are not significantly 
different (P < 0,05) by Duncan's Multiple Range Test.
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^  ■
t h e  c a s t r a t e d  m a le  pups m im icked  t h e  i m p r i n t i n g  e f f e c t  o-f t h e  
t e s t e s  i n  t h e  i n t a c t  m ale  pup.
□n t h e ' o t h e r  hand,  -an i n c r e a s e  i n  t h e  dose o-f TP t o  0 . 7 3  
umole caused a r e d u c t i o n  i n  t h e  Vmax t o  1 . 7 9  ±  0 . 1 8  n m o le s /  
min/mgMP; t h i s  v a l u e  was n o t  s i g n i f i c a n t l y  d i f f e r e n t  f ro m  t h e  
Vmax fo und  i n  i n t a c t  c o n t r o l  m a les  ( 1 . 3 6  ± 0 . 2 1  n m o le s /m in /m g  
M P) . Thus,  0 . 7 3  umole o f  TP c o m p l e t e l y  m a s c u l i n i z e d  t h e  Vmax 
o f  t h e  DOC 5 C C - r e d u c t a s e .  S i  mi 1a r ' r e s u l t s  w ere  o b t a i n e d  by
'# * •
i n c r e a s i n g  t h e  dose o f  E2 t o  0 . 7 3 . um ole .  The Vmax ( 1 . 7 0  ±
0 . 1 8  nm oles /m in /m gMP)  d i d  n o t  d i f f e r  s i g n i f i c a n t l y  f ro m  t h a t  
found i n  i n t a c t  m a les  (P < 0 . 0 5 ) .  Thus,  E2 c o m p l e t e l y  
m a s c u l i n i z e d  t h e  Vmax o f  t h e  enzyme when g i v e n  a t  0 . 7 3  um ole .  
In  D H T - t r e a t e d  r a t s ,  t h e  same o b s e r v a t i o n s  were  made.
A l th o u g h  t h e  Vmax o b t a i n e d  a t  0 . 7 3  umole o f  DHT ( 2 . 1 2  ±  0 . 3 5  
nm oles /m in /m gMP) was 3 6 V. g r e a t e r  t h a n  t h a t  f o r  t h e  i n t a c t  
c o n t r o l  m a le s ,  i t  d i d  n o t  d i f f e r  s i g n i f i c a n t l y  (P < 0 . 0 5 )  
f ro m  t h e  Vmax fo u n d  i n  i n t a c t  m a le s  (P < 0 . 0 5 ) .  Thus,  0 . 7 3  
umole o f  DHT e f f e c t i v e l y  m a s c u l i n i z e d  t h e  Vmax o f  t h e  DOC 
5 0 C - r e d u c t a s e .
M o r e o v e r ,  t h e  i m p r i n t i n g  e f f e c t s  o f  0 . 7 3  umole  o f  e i t h e r  
TP, E2, o c • DHT w ere  no t  s i g n i f i c a n t l y  a l t e r e d  by a f u r t h e r  
i n c r e a s e  i n  dose t o  e i t h e r  1 . 4 5  o r  2 . 9 0  u m oles .  In  T P -  •
• t r e a t e d  r a t s ,  t h e  Vmax* s o b t a i n e d  a t  t h e s e  two doses (1 .5 7 *  ♦  
0 . 1 0  nm oles /m in /m gMP and 1 . 7 9  ±  0 . 1 5  nm oles /m in /m gMP,  
r e s p e c t i v e l y )  d i d  n o t  d i f f e r  s i g n i f i c a n t l y  f ro m  t h e  Vmax
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o b t a i n e d  a t  0 . 7 3  um ole  o f  TP (P < 0 . 0 5 ) .  The same dos es  o f .
E2 a l s o  e f f e c t e d  Vmax' s ( 0 . 9 8  ±  0 . 2 3  nm ole /min /mgMP and 1 . 7 5  
±  0 . 0 7  n m o les /m in /m g M P ,  r e s p e c t i v e l y )  t h a t  d i d  n o t  d i f f e r  
s i g n i f i c a n t l y  f ro m  t h e  Vmax o b t a i n e d  u s i n g  0 . 7 3  umole of, E2.  
F i n a l l y ,  t h e  Vmax’ s f o r  t h e  enzyme^ f ro m  r a t s  t r e a t e d  w i t h
1 . 4 5  umoles ( 1 . 4 2  ±  0 . 2 7  nm oles /m in /m gMP)  o r  2 . 9 0  umoles  
( 1 . 8 5  ±  0 . 2 6  nm oles /m in /m gMP)  o f  DHT w ere  n o t  s i g n i f i c a n t l y  
d i f f e r e n t  f ro m  t h e  Vmax o b t a i n e d  a t  0 . 7 3  umole  o f  DHT (P < 
0 . 0 5 ) . .
Thus,  a t  0 . 7 3  um ole ,  each o f  t h e  t h r e e  sex s t e r o i d s  
f u l - l y  m a s c u l i n i z e d  t h e  Vmax o f  t h e  DOC 5 CC - r e d u c t a s e .  T h i s  
i n d i c a t e s  t h a t  0 . 7 3  umole  o f  exogenous  TP, E2, o r  DHT, when 
a d m i n i s t e r e d  t o  c a s t r a t e d  male  pups,  s i m u l a t e d  t h e  i m p r i n t i n g  „ 
■ e f f e c t  o f  t h e  t e s t e s  i n  t h e  i n t a c t  m a le  n e o n a t e .  I t  i s  a l s o  
e v i d e n t  t h a t  t h i s  i m p r i n t i n g  e f f e c t  was maximal  as f u r t h e r  
i n c r e a s i n g  t h e  dose o f  any o f  t h e  sex s t e r o i d s  t o  e i t h e r  1 . 4 5  
o r  2 .9 0 ^ u r a o le s  d i d  n o t  cau se  f u r t h e r  mascul  i  n i  z a t i  on .
■ F i g u r e  4 r e p r e s e n t s  t h e  dose—r e s p o n s e  c u r v e  f o r  t h e
t
i m p r i n t i n g  o f  t h e  Vmax o f  t h e  DOC 5 C - r e d u c t a s e .  As f o r  t h e  
EM N - d e m e t h y l a s e ,  a l l  t h r e e  sex s t e r o i d s  had an a l l - o r — none  
e f f e c t  o v e r  t h e  r a n g e  o f  doses use d .  Thus ,  t h e  l o w e s t  dose  
o f  TP, E2, o r  DHT f o r  i m p r i n t i n g  t h e  Vmax o f  t h e  enzyme l i e s  
betw een  0 . 3 7  and 0 . 7 3  um ole .  T h i s  dose r e p r e s e n t s  t h e  
minimum amount o f  exogenous sex s t e r o i d s  t h a t  can mimic t h e  
m a s c u l i n i z i n g  e f f e c t  o f  t h e  t e s t e s  i n  t h e  i n t a c t  male
$
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-  I m p r i n t i n g ,  by sex s t e r o i d s ,  o f  ' th e  Vmax o.-f
V
d e o x y c o r t i c o s t e r a n e  5 0 C - r e d u c t a s e .  TP, E2,
and DHT w ere  a d m i n i s t e r e d  as  d e s c r i b e d  (see  
+ * 
M a t e r i a l s  and M e th o d s ) .  C o n t r o l s  ( ♦ )  were
m ale  pups c a s t r a t e d  on Day 1 p o s t - p a r t u m
who w ere  g i v e n  no s t e r o i d  n e o n a t a l l y .  A l l
t r e a t e d  r a t s  r e c e i v e d  TP (2  m g / r a t / d a y ,  sc )
■From Day 5 0 - 5 9  o f  l i f e .  V a lu e s  f o r  t h e
i n t a c t  a d u l t  m ale  ( O ' )  and t h e  i n t a c t  a d u l t
f e m a l e  ( Q )  a r e  a l s o  g i v e n .
































n e o n a t e .
The a p p a r e n t  Km o-f t h e  DOC 5 0 5 — r e d u c t a s e  a p p e a re d  t o  be
more s e n s i t i v e  t o  t h e  two a n d r o g e n s ,  TP and DHT, th a n  t o  E2 .  . v
A t  0 . 3 7  umole  o-f TP, t h e  a p p a r e n t  Km o b t a i n e d  -for t h e  enzyme
( 0 . 0 1 6  ±  0 . 0 0 1  mM)’ was n o t  s i g n i f i c a n t l y  d i - f - f e r e n t  (P < 0.05)^*
■from t h e  Km o b t a i n e d  i n  i n t a c t  c o n t r o l  m a le s  ( 0 . 0 2 0  it 0 . 0 0 4
mM) b u t  d i - f - fe red  s i g n i - f  i c a n t l  y -from the-Km -for t h e  enzyme in
i n t a c t  - females ( 0 . 0 0 8  ±  0 . 0 0 2  mM) (Tab le -^ I  X) . Thus ,  t h i s
dose o-f TP m a s c u l i n i z e d  t h e  Km o-f t h e  enzyme.- S i m i l a r l y ,
0 . 3 7  umole  o-f DHT caused an a p p a r e n t ,  Km ( 0 . 0 1 1  *  0 . 0 0 6  mM)
t h a t  d i d  n o t  d i f f e r  s i g n i f i c a n t l y  (P < 0 . 0 5 )  f ro m  t h a t  in
i n t a c t  c o n t r o l  m a le s .  Thus,  DHT, a t  0 . 3 7  u m ole ,  a l s o
e f f e c t i v e l y  i m p r i n t e d  t h e  a p p a r e n t  Km p f  th e 'D O C  5 0 5 -
r e d u c t a s e -  These  o b s e r v a t i o n s  made on t h e  i m p r i n t i n g  e f f e c t s
o f  TP and DHT a t  0 . 3 7  umole  do n o t  s i m p ly  r e f l e c t  t h e  e f f e c t
o f  2  mg T P / r a t / d a y  g i v e n  f r o m  Day 5 0 - 5 9  o f  l i f e .  We h^ve
shown i n  e x p e r im e n t '  I  ( T a b l e  1 1 ) - t h a t  t h e  a p p a r e n t  Km f o r  t h e
DOC 5 0 5 - r e d u c t a s e  i n  a d u l t ' ’ m a le s  c a s t r a t e d  a t  b i r t h ,
r e g a r d l e s s  o f , w h e t h e r  o r  n o t  TP w a s ■a d m i n i s t e r e d  in
adV i l thood,  was n o t  s i g n i f i c a n t l y  d i f f e r e n t  (P < 0 . 0 5 )  f rom
t h a t  f o r  t h e  enzyme in  i n t a c t  a d u l t  f e m a l e s .  In  o t h e r  w o r d s , '
c a s t r a t i o n  o f  th -e -pups  a t  b i r t h  caused an i n c r e a s e  i n  t h e  
V
b a s a l  a p p a r e n t  Km o f  t h e  enzyme b u t  a  d e c r e a s e  i n  i t s  
. r e s p o n s iv e n e s s  t o  TP g i v e n  t o  t h e  a d u l t .  Thus ,  t h e  
m a s c u l i n i z a t i o n  o f  t h e  a p p a r e n t  Km^of t h e  DOC*505- r e d u c t a s e
• ■ ✓ '
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i n  T P -  and D H T - t r e a t e d  r a t s  was an e f f e c t  o-f 0 . 3 7  umole  o-f 
7P o r  DHT g i v e n  n e o n a t a l  l y  and n o t  an e f f e c t  o-f t h e  TP g iv e n  
-from Day 5 0 - 5 9  p o s t - p a r t u m ; . - ' ' -
I n c r e a s i n g  t h e  dose o-f e i t h e r  ?-TP o c  DHT d i d  n o t  
s i g n i f i c a n t l y  a l t e r  t h e  a p p a r e n t  Km’ s -from t h o s e  o b t a i n e d  a t  
0.-'37 Ltmole. The Km -for t h e  enzyme i n  r a t s  t r e a t e d  w i t h  0 . 7 3  
umole CO.0 2 5  ±  0 . 0 0 6  mM) , 1 . 4 5  um oles  < 0 .0 1 7  *  0 . 0 0 3  mM) , dr
2 . 9 0  umoles  ( 0 . 0 2 6  ±  0 . 0 0 4  mM) o-f TP w ere  n o t  s ig n  i - f : c a n t l  y 
d i f f e r e n t  -from t h e  Km i n  r a t s  t r e a t e d -  w i t h  0 . 3 7  umole o-f TP.  
Thus,  t h e  i m p r i n t i n g  e- f- fect  o-f TP a t  0 . 3 7  umole m ax im a l .
S i m i l a r l y ,  t h ^ /< m  f o r  t h e  enzyme i.n r a t s  t r e a t e d  w i t h  0 . 7 3 £ - '  
1 . 4 5 ,  c r  : . 9 0  umoles o f  DHT ( 0 . 0 3 7  -  0 . 0 1 0  mM, 0 . 0 2 1  ± C . 0 0 3 ,  
and C . 0 2 6  -  C .0C 5  mM, r e s p e c t i v e l y )  d i d  not- s i g n i f i c a n t l y
d i f f e r  f rom  t h e  Km i n  r a t s  t r e a t e d  w i t h  0 . 3 7  umole o f  DHT.
'  • - I
Thus,  t h e  mascui  i  n i  z a t i  on e f f e c t  o f  DHT a t  0 i  37 umole  was*
a l s o  m a x i m a l .
♦ I n ' c o n t r a s t ,  E2, a t  0 . 3 7  um ole ,  was i n e f f e c t i v e  in  
m a s c u l i n i z i n g  t h e  Km o f  t h e  DOC 5 C - r e d u c t a s e .  The Km v a l u e  ‘ 
o b t a i n e d  a t  t h i s  dose ( 0 . 0 0 8  ±  0 . 0 0 2  mM) was- s i g n i f i c a n t l y  
' d i f f e r e n t  f ro m  t h e  Km i n  i n t a c t  c o n t r o l  m a les  ( 0 . 0 2 0  ± . 0 . 0 0 4  
mM) and d i d  n o t  d i f f e r . f r o m  t h e  Km f o r  t h e  enzyme i o  i n t a c t  
f e m a le s  (P < 0 . 0 5 )  ( T a b l e  I I ) .  I n c r e a s i n g  t h e  dose t o  0 . 7 3  
um ole ,  h o w e v e r ,  caused  a s i g n i f i c a n t  i n c r e a s e  (P < 0 . 0 6 )  i n  
t h e  Km v a l u e  t o  0 . 0 2 0  ±  0 . 0 0 3  mM. T h i s  v a l u e  d i d  n o t  ,d i f f e r  
s i g n i f i c a n t l y  f ro m  t h a t  i n  i n t a c t  m a le s  (P < 0 . 0 5 ) .  T h i s
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
-72-
i m p r i n t i n g  e f f e c t  o f  E2 a t  0 . 7 3  umole. was c o m p le t e  as no
v
f u r t h e r  change i n  t h e  v a l u e  was o b s e r v e d  a t  t h e  h i g h e r  dosesi v
‘ o f  E2 .  The a p p a r e n t  Km a t  1 . 4 3  um oles  CO.0 13  o 0 . 0 0 4  mM) and  
;>■> *  •
2 . 9 0 ' u m o l e s  ( 0 . 0 2 S  :d 0 . 0 0 5  mM) w e re  n o t  s i g n i f i c a n t l y
d i f f e r e n t  f r c m  t h e ’ Km o b t a i n e d " a t  0 . 7 3  umole CP < 0 . 0 3 ) .
Thus,  TP, EC, and DHT caused an a l l - o r — none t y p e  o f  
✓
%
r e s p c n s e _ i n  i m p r i n t i n g  t h e  a p p a r e n t  Km o f  t h e  DOC 3CZ — 
r e d u c t a s e  (F i -gure  5 ) .  The l o w e s t  dose o f  E2 t o  i m p r i n t  t h e -  
Km o f  t h e  enzyme was between 0 . 3 7 ' and 0 . 7 3  u m cie .  The "ncne"  
r e s p o n s e  was o b s e r v e d  a t  0 . 3 7  umole o f  E2: t h i s  dose was 
i n e f f e c t i v e '  i.n mascul i n: z i ng t h e  Km o f  t h e  enzyme.  At  0 / 7 3  
umole,* t h e  " a l l "  r e s p o n s e  was a c h i e v e d  as  t h e  a p p a r e n t  Km was 
f u l l y  m a s c u l i n i z e d .  In  o t h e r  words, '  EC, a t  a dcse between  
0 . 3 7  and 0 . 7 3  um ole ,  was a b l e  t o  s i m u l a t e  t h e  i m p r i n t i n g  
e f f e c t  o f  t h e  t e s t e s .
The l o w e s t  dose of  TP and DHT i n  i m p r i n t i n g  t h e  a p p a r e n t  
Km o f  t h e  DOC S O S - r e d u c ta s e  was l e s s  t h a n  0 . 3 7  um ole .  T h i s  
r e f l e c t s  t h e  d i f f e r e n t i a l  s e n s i t i v i t y  o f  t h e  a p p a r e n t  Km t o  
t h e  d i f f e r e n t  sex s t e r o i d s .  The f u l l  m a s c u l i n i z a t i o n  
e f f e c t e d  by 0 . 3 7  umole  o f  e i t h e r  TP o r  DHT s u g g e s t s  t h a t  l e s s  • 
o f  t h e s e  two sex s t e r o i d s  a r e  needed t o  mimic  t h e  i m p r i n t i n g
s.
e f f e c t  o f  t h e  t e s t e s  on t h e  a p p a r e n t  Km o f  t h e  enzyme.
I I I .  E f f e c t s  o f  an a n t i e s t r o g e n  on t h e  i m p r i n t i n g ,  by sex
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F i g u r e  5 I m p r i n t i n g ,  by sex s t e r o i d s ,  Ct t h e
a p p a r e n t  Km c*  aeox y c a r t  i  c o s te r a n e  5C3 -  
r e d u c t a s e .  TP, E2, anC DHT w ere  
a G m im s t e r e c  as  d e s c r ib e d  (s e e  M a t e r i a l s  
and M e th o d s ) .  C o n t r o ls  < ♦ )  w ere  m ale  
pups c a s t r a t e d  crt Day 1' p o s t - p a r t u m  wnc 
w ere  g iv e n  no s t e r o i d  n e o n a t a l l y .  A l l^ "  
t r e a t e d  r a t s  r e c e iv e d  TP (2  m g / r a t / d a y ,  
sc) -from Day 5 0 —59 o-f l i r e .  V a lu e s  -for  
t h e  i n t a c t  a d u l t  m ale  ( C*> and t h e  in t a c t  
. a d u l t  - fem ale  ( (T ) a r e  a l s o  g iv e n .
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s t e r o i d s *  t h e  Vmax and t h e  a p p a r e n t  Km o-f EM N -  
• \
d e m e t h y la s e  and DOC 5 0 C - r e d u c t a s e
. In  e x p e r im e n t  I I ,  we -found t h a t  E2 , TP ,'  and DHT i m p r i n t  
d o th  t h e  a p p a r e n t  Km and t h e  Vmax o f  t h e  EM N -d e m e th y la s e  and
e
t h e  DOC 5CJ - r e d u c t a s e .  T h a t  E2 c o u ld  m ascul m i c e ,  i n  a 
manner i n d i s t  i  ngcM Shable  f ro m  TP and DHT s u g g e s ts -^ th a t  a
mechanism o t h e r  t h a n ,  o r  in  a d d i t i o n  t o  one i n v o l v i n g  t h e  T /
p ' l a u s ib ie  b e c a u s e  o f  th e  p o s s i b l e  c o n v e r s io n  o f  t e s t o s t e r o n e  
t o  E2 by  hyp^othal ami c a rc m a ta s e s  ( N a f t o l i r i  e t  a l  . , 1972;  
S e lm a n o f f  e t  a l . , 1 9 7 7 ) .  S in c e  DHT does n o t  a r o m a t i z e ,  i t
p re s u m a b ly  must o p e r a t e  v i a  t h e  T /DHT r e c e p t o r .  Thu s , t h e  
n e x t  s e r i e s  o f  e x p e r im e n ts  w ere  u n d e r ta k e n  based on our
h y p o th e s is  t h a t  im p r - in t in g  by  TP and E2, b u t  n o t  DHT,
i*'
i n v o l v e s  t h e  e s t r o g e n  r e c e p t o r .
On t h e  day o f  b i r t h  (Day 1 ) ,  m a le  pups w ere  c a s t r a t e d
and i n j e c t e d ,  s c ,  w i t h  n a f o x i d i n e  (NFX) a t  0 . 5 5 ,  1 . 4 5 ,  o r
2 . 9 0  u m o le s /p u p .  On Days 2 ,  4,^..and 6  p o s t - p a r t u m ,  t h e  pups
w ere  i n j e c t e d ,  s c ,  w i t h  1 . 4 5  um oles  o f  TP, E2 , o r  DHT. A l l
%
r a t s  w e re  g iv e n  TP (2  m g / r a t / d a y ,  s c )  f ro m  Day 5 0 - 5 9  and w ere  
s a c r i f i c e d  2 4  h o u rs  a f t e r  t h e  f i n a l  i n j e c t i o n .
The c o n t r o l s  i n  t h i s  e x p e r im e n t  w ere  c a s t r a t e d  pups t h a t  
r e c e iv e d  o n l y  t h e  a n t i e s t r o g e n , NFX, a t  e i t h e r  1 . 4 5  o r  2 . 9 0
DHT r e c e p t o r  may be o p e r a t i n g .  ‘Thu s , t h e  E 2 - r e c e p t o r  may 
p o s s ib ly  be in 'v o lv e d  i n  i m p r i n t i ’ng by E2 and TP. T h i s  i s
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um oles . These pups r e c e iv e d  t h e  v e h i c l e  on Days 2 ,  4 ,  and 6 . 
S t a t i s t i c a l  c o m p a riso n  o f  t h e  d a t a  -From t h e  two b a tc h e s  o-F 
'  c o n t r o l s  showed t h a t  t h e  e f f e c t s  o-F NFX-on t h e  Vmax and ' th e  
a p p a r e n t  Km o f  t h e  two enbymes d id  n o t  d i f f e r  s i g n i f i c a n t l y  
(P < 0 . 0 5 )  be tw een  t h e  two doses o f  NFX. •■Thus, t h e  d a t a  from, 
t ^ e  N F X - t r e a t e d  c a s t r a t e s  w ere  p o o le d  ofv e r  doses t o  b e t t e r  
e s t im a t e  t h e  t r u e  c o n t r o l  v a l u e s . - The p o o le d  v a lu e s ,  m
*
'• t u r n ,  w e re 'c o m p a re d  w i th  th o s e  in  N F X - t r e a t e d  c a s t r a t e s  who
'  <■ 
r e c e iv e d  t h e  sex s t e r o i d  t o  d e t e r m in e  w h e th e r  o r  n o t  NFX „■ ^
. ¥  ■
b lo c k e d  t h e  i m p r i n t i n g ,  by TF, E2, and DHT, o f  th e  k i n e t i c  
p a ra m e te rs  o f  t h e  tw o m icrosom al encym es.
S in c e  none o f  th e  r a t s  t r e a t e d  w i t h  0 . 5 5  umole o f  NFX 
r e c e iv e d  TP, I ' c o u l d ’ no^ c o m p le te  t h e  tw o -w ay  anovas  on th e  
e f f e c t s  o f  t h e  a n t  i e s t r o g e n , .at t h e  t h r e e  coses used X 0 .2 5 ,
1 .4 5 .  and 2 . 9 0  u m o le s ) ,  on t h e  i m p r i n t i n g  by t h e  t h r e e .s e : ;  
s t e r o i d s .  In  c t n e r  w ords, o n ly  t h e  d a t a  o b ta in e d  f o r  encymes  
fro m  E2y and D H T - t r e a te d  r a t s  w ere  s u b je c te d  t o  tw o -w ay  
ano vas . H o w e v e r , t h e  d a ta  fro m  t h e  T F - t r e a t e d  r a t s  t h a t  
r e c e iv e d  NFX, a t  e i t ’her__c.f ->tne doses em ployed ( 1 . 4 5  o r 2 . 9 0  
u m o le s ) ,  w ere  a n a ly c e d  w i t h  t h e  d a t a ' f r o m  th e  E 2 -  and DHT- 
t r e a t e d  r a t s  t h a t  r e c e iv e d  t h e  same’ dose or NFX v i a  one-w ay  
anovas and D u n c a n 's  New M u l t i p l e  Range T e s t .
A
A. E th y lm o r p h in e  N -d e m e th y la s e
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The tw o -w a y  a n a ly s e s  o-f v a r i a n c e  -for t h e  i m p r i n t i n g  o-f 
EM N -d e m e th y l  ase  by E2 and DHT in  t h e  p re s e n c e  o-f NFX a r e  
g iv e n  i n  T a b le s  V I I A  and V I I B .  T h e re  w e re  no s i g n i f i c a n t  
s t e r o i d  e f f e c t s  on e i t h e r  k i n e t i c  p a r a m e te r  (P < 0 . 0 5 ) . "  In  
o t h e r  w o rd s , t h e  e f f e c t s  o f  E2 and DHT w ere  e q u a l  in  t h e  
p r e s e n c e  o f  NFX. S i m i l a r l y ,  t h e r e  w ere  no s i g n i f i c a n t  dose  
e f f e c t s  f o r  NFX (P < 0 . 0 5 ) :  i t s  e f f e c t s  on t h e  Vmax and t h e  
a p p a r e n t  Km w ere  t h e  same a t  a l l  doses used ( 0 . 5 5 ,  1 .4 5 ,  and
2 . 9 0  u m o le s ) .  F i n a l l y ,  as Would be e x p e c t e d ,  t h e r e  was no 
s t e r o i d  x NFX dose i n t e r a c t i o n  (P < 0 . 0 5 ) .  A l t o g e t h e r ,  what  
t h e s e  mean i s  t h a t  NFX b lo c k s  e q u a l l y  t h e  i m p r i n t i n g  by E 2
i t
o r  DHT a t  a l l  .,NF,X d o s e s .
L o o k in g  a t  T a b le  V I I I ,  i t  i s  e v i d e n t  t h a t  NFX c o m p le t e ly
b lo c k e d  t h e  i m p r i n t i n g  o f  EM N - d e m e t h y la s e . In  E 2 - t r e a t e d
r a t s ,  t h e  Vmax’ s o b t a in e d  a t  0 . 5 5 ,  1 . 4 5 ,  and 2 . 9 0  um oles o f
NFX ( 4 . 7 5  ±  0 . 2 4  nm oles /m in /m gM P , 4 . 0 9  ±  0 . 2 4  n m o les /m in /m g
MP, and 4 . 8 3  ± 0 . 2 0  nm oles /m in /m gM P , r e s p e c t i v e l y )  d id  n o t
d i f f e r  s i g n i f i c a n t l y  (P < 0 . 0 5 )  e i t h e r  f ro m  each o t h e r  o r
fro m  -the c o n t r o l  g roup  ( c a s t r a t e d  pups t h a t  r e c e iv e d  o n ly
N F X ).  The l a t t e r  ( 3 .9 6  ±  0 . 2 9  n m o le s /m in /m g M P ),  in  t u r n ,
was n o t  s i g n i f i c a n t l y  d i f f e r e n t  f ro m  t h e  v a lu e  f o r  t h e  eqcyme
i n  i n t a c t  f e m a le s  (T a b le  I ) .  S i m i l a r l y ,  t h e  Vmax in  DHT-
*  t r e a t e d  r a t s  t h a t  r e c e iv e d  0 . 5 5  < 4 .6 0  ±  0 . 2 2  n m o le s /m in /m g
. M P ), 1 .4 5  ( 5 . 6 7  ±  0 . 5 0  n m o le s /m in /m g M P ),  and 2 . 9 0  um oles o f
NFX < 4 .7 0  ±  0 . 3 0  n m oles /m in /m gM P ) w e re  n o t  s i g n i f i c a n t l y
\
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Table V IIA . E ffec ts  of nafoxidine on the im printing , by 173- 
estrad io l benzoate and SOC-dihydrotestosterone 
benzoate of the Vmax <nmoles/min/ngMP) of ethylmor- 
phine N-demethylase. Two-way analysis  of variance.
ANALYSIS OF VARIANCE


























C r i t ic a l  values of the F -d is tr ib u t io n  a t  0 .05 : '
F (3,30) = 2 .92  F (1,30) = 4.17
Table VIIB . E ffec ts  df nafoxidine'on the im printing , by 173- 
estrad io l benzoate and 505-dihydratestosterane  
benzoate, of the apparent Km (mM) of ethyl morphine 
N-demethylase. Two-way analysis of variance.
ANALYSIS DF VARIANCE
Source of Varia tion df
a

























C r i t ic a l  values of the F -d is tr ib u t io n  at 0.05:
F (3,30) = 2 .92  F ( l ,3 0 )  = 4.17
r
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T a b le  V I I - I .  E f f e c t s  o f  n a f o x i d i n e  on t h e  i m p r i n t i n g ,  by 17B -  
e s t r a d i o l  b e n z o a te  and 505 —d i h y d r o t e s t o s t e r o n e  
b e n z o a te ,  o f  e th .y lm o rp h in e  N -d e m e th y l  a s e .  V a lu e s  
a r e  ' th e  mean ±  SE. Sample s i z e  in  b r a c k e t s .
S t e r o i d  
( u m o le )
NFX 
(u m o le )
Vmax




0.00  • 2 . 17 * [83 3 .  96
i
±  0 . 2 9 a 0 . 7 0  ± 0 . 0 4  a
1 .4 5 0 . 5 5 [33 4 . 7 5 ±  0 . 2 4 a 0 . 66 ±. 0 . 0 5  a -




2 . 9 0
C
[33 4 .  83 *  0 . 20 a P. 71 ± 0 . 0 7  a
DHT
.. P , 00 2 .  17* ca: 3 . 9 6 ± 0 . 2 9  a 0 . J 0 ± 0 .  04 a
1 .4 5 0 . 5 5 C3: 4 .  60 ±  0 .22  a 0 . 6 0  ± 0 .  13 a .
1 . 4 5 1 .4 5 C51 5'. 67 ±  0 . 5 0  a 0 . 6 3  ,± 0 . 0 4  a
1 .4 5 2 . 9 0  * [33 4 . 7 0 ± 0 . 3 0 a 0 . 7 5  * 0 . 0 6  a
\
2 . 1 7 *  = c a s t r a t e d  n e o n a te s  r e c e i v i n g  NFX o n ly ;  means
r e p r e s e n t  p o o le d  v a lu e s  a t  b o th  NFX doses ( 1 .4 5 .  
and 2 . 9 0  um bles)
NFX was a d m in is t e r e d  (d o s e /p u p ,  sc )  on Day 01 p o s t - p a r t u m  
f o l l o w i n g  c a s t r a t i o n .
E2 and DHT w ere  a d m in is t e r e d  ( 1 . 4 5  u m o le s /p u p ,  sc) on 
Days 2 ,  4 ,  and 6 p o s t - p a r t u m .  A l l  r a t s  r e c e iv e d  TP (2  mg/ 
r a t / d a y ,  s c )  fro m  Day 5 0 - 5 9  o f  l i f e .
V a lu e s  w i t h  t h e  same s u p e r s c r i p t  a r e  n o t  s i g n i f i c a n t l y  
d i f f e r e n t  (P < 0 . 0 5 )  by D uncan ’ s M u l t i p l e  Range T e s t .
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d i f f e r e n t  (P < 0 . 0 5 )  -from each o t h e r  o r  f ro m  t h e  c o n t r o l  
g ro u p . The l a t t e r ,  i n  t u r n ,  d id  n o t  d i f f e r  s i g n i f i c a n t l y  (P
< 0 . 0 5 )  fro m  t h a t  O b ta in e d  i n  i n t a c t  a d u l t  f e m a le s  ( T a b le  
I ) .  Thus, t h e  a n t i  e s t r o g e n  was e f f e c t i v e ,  a t  a l l ‘ d o s e s ,  
a g a in s t  E2 and DHT ( F ig u r e  6) .  These d a t a  im p ly  t h a t  th e  E2
r e c e p t o r  i s  in v o lv e d  in  i m p r i n t i n g  by E2 and DHT.,
\
The a p p a r e n t  Km o f  t h e  EM N -d e m e th y la s e  in  E E - t r e a t e d  
r a t s  t h a t  r e c e iv e d  0 . 5 5  umole o f  NFX ( 0 . 6 6  c 0 . 0 5  raM) was n o t  
^ . s i g n i f i c a n t l y  d i f f e r e n t  fro m  t h a t  in  t h e  c o n t r o l  group ( 0 .7 0  
±  0 . 0 4  mM)^ The l a t t e r ,  i n  t u r n ,  was n o t  s i g n i f i c a n t l y  
d i f f e r e n t  (P < 0 1 0 5 )  from  t h a t  in  i n t a c t  f e m a le s .  In  o t h e r  
w ords, a t  t h i s  d o s e ,  NFX b lo c k e d  t h e  i m p r i n t i n g  o f  t h e *  
a p p a r e n t  Km by E 2 . The Km v a lu e s  o b t a in e d  a t  1 .4 5  ( 0 . 7 8  r  
0 . 0 7  mM) and 2 . 9 0  ( 0 .7 1  ± 0 . 0 7  mM) um oles  o f  NFX w ere  n o t  * 
s i g n i f i c a n t l y  d i f f e r e n t  (P < 0 . 0 5 )  f ro m  t h e  Km a t  0 . 5 5  um cie .  
.Thus, a t  a l l  t h e  doses used , NFX- c o m p le t e ly  b lo c k e d  t h e  
i m p r i n t i n g  o f  t h e  a p p a r e n t  Km by E2. In  D H T - t r e a te d  r a t s ,  
s i m i l a r  r e s u l t s  were- o b t a i  n e d . A t 0 . 5 5  um ole o f  NFX, t h e ^ ’
„ * a p p a r e n t  Km ( 0 . 6 0  ± 0 . 1 3  mM) d id  n o t  d i f f e r  s i g n i f i c a n t  1y (P
< 0 . 0 5 )  f ro m  t h e  Km f o r  t h e  c o n t r o l  group  w h ic h -*, i n  t u r n ,  was
n o t  s i g n i f i c a n t l y  d i f f e r e n t  (P < 0 . 0 5 )  f ro m  t h e  v a lu e  in
i n t a c t  a d u l t  f e m a le s .  The Km v a lu e s  o b t a in e d  a t  1 .4 5  o r
2 . 9 0  um oles ( 0 . 6 3  ±  0 . 0 4  mM and 0 . 7 5  ±  0 . 0 6  mM, r e s p e c t i v e l y )
d id  n o t  d i f f e r  s i g n i f i c a n t l y  f ro m  t h e  v a lu e  o b t a in e d  a t  0 . 5 5
umole o f  NFX (P < * 0 . 0 5 ) .  Thus, NFX was e f f e c t i v e  a t  a l l  t h e  
* .
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F ig u r e  6
<?
J
E r t e c t s  o f  t h e  c s n t ie s t r o g e n ,  n a f o x i d i n e  
(N F X ),  on t h e  i m p r i n t i n g ,  by sex s t e r o i d s ,  
'o f  t h e  Vmax o-f e t h y l  mcrph i n'e N -d e m e th y l  a s e . 
NFX was g iv e n  (s c )  t o  t h e  c a s t r a t e d  pups on 
Day 1 p o s t - p a r t u m .  TP, E2 , and DHT w ere  
a d m in is te r e d  as d e s c r ib e d  (see  M a t e r i a l s  
and M e th o d s ) .  C o n -tro ls  < ♦ )  w ere  m ale  pups  
c a s t r a t e d  a t  b i r t h  who w e re  g iv e n  NFX o n ly  
( r e p r e s e n t s  p o o le d r v a lu e s  a t  t h e  two NFX 
do s es , 1 .4 5  and 2 . 9 0  u m o le s ) .  AH', r a t s
4 *
r e c e iv e d  TP (2  m g / r a t / d a y .  sc )  fro m  Day 5 0 -  
59 o f  l i f e .  V a lu e s  f o r  t h e  i n t a c t  a d u l t  
m ale  (C^) and t h e  i n t a c t  a d u l t '  f e m a le  C ) 
a ls o  g i  v e n .
t

































doses i n  b lo c k in g  t h e  i m p r i n t i n g  o f  t h e  a p p a r e n t  Km by DHT.
An i l l u s t r a t i o n  o f  t h e  e f f e c t s - p f  NFX on t h e  a p p a r e n t  Km o f  
EM N—d e m e th y la s e  i s  g iv e n  i n  F i g u r e  7 .  „
9
' ThUs, NFXr a t  a l l  t h e  d o ses  u s e d ,  b lo c k e d  t h e  i m p r i n t i n g ,  
*
■ by E2 o r  DHT*. o f ’ t h e  a p p a r e n t  Km and Vmax. F u r th e r m o r e ,  NFX,
£
a t  t h e  two d o ses  use d , 1 . 4 5  and 2 . 9 0  um o les , a l s o  p r e v e n te d  .- ' 
TP f r o m * i m p r i n t i n g  t h e  tw o  k i n e t i c  p a r a m e te r s  o f  t h e  enzyme  
( T a b le  iX )  . The Vmax o b t a in e d  at^ 1 .4 5  and 2 . 9 0  um oles  o f  NFX 
( 4 . 3 9  ±  0 . 2 4  nm oles /m in /m gM P  and 4 . 6 8  ±  0 . 5 6  nm oles /m in /m gM P ,  
R e s p e c t iv e ly ) '  and t h e  a p p a r e n t  Km’ s  o b t a in e d  a t  t h e  tw o  doses
f
( 0 . ^ 6  ±  0 . 0 9  mM and 0 . 7 2  ±  0 . 0 5  rtfM, r e s p e c t i v e l y )  d id  n o t
*
• d i f f e r vs i g n i f i c a n t l y  (P < 0 . 0 5 }) . f ro m  t h e  v a lu e s  f o r  t h e  
enzyme i n  t h e  c o n t r o l  g ro u p  o r  i n  t h e  i n t a c t  a d u l t  f e m a le s  
( T a b le  I K  •
Thus , t h e s e  r e s u l t s  a r e  c o m p a t ib le  w i ^ h ^ h e  h y p o th e s is  
t h a t  i m p r i n t i n g  o f  t h e  Vmax and t h e  a d p S re n t  Km o f  EM 
N - d ^ e t h y l a s e  by E2 and TP i n v o l v e s  ■jihe E 2 - r e c e p t o r .  
F u r th e r m o r e ,  t h e  i m p r i n t i n g  by DHT a)/so /a p p e a rs  t o  i n v o l v e  
t h e  E 2 - r e c e p t o r  whi-ch i s  c o n t r a r y  t o  e x p e c t a t io n s .  •
. - ■ • O ’
\
B. D e o x y c o r t ic o s t e r o n e  5 C - r e d u c t a s e
The tw o -w ay  a n a ly s e s  o f  v a r i a n c e  f o r  t h e  d a t a  on t h e  
Vmax and a p p a r e n t  Km o f  t h e  DOC 5 0E—r e d u c ta s e  a r e  g iv e n  in  
.T a b le s  XA and XB. T h e re  w ere  no s i g n i f i c a n t  s t e r o i d  e f f e c t s
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F i g u r e  7 -  E f f e c t s  o f  t h e  a n t i e s t r o g e n ,  n a f o x i d i n e
(N F X ) ,  on t h e  i m p r i n t i n g ,  by sex s t e r o i d s ,  
o f  t h e  a p p a r e n t  Km o f  e t h y lm o r p h in e  N -
4
d e m e th y la s e .  NFX was g iv e n  (s c )  t o  t h e
c a s t r a t e d  pups on Day 1 p o s t - p a r t u m .  TP,
E2, and DHT 'w ere  a d m i n i s t e r e d  a s  d e s c r ib e d
(s e e  M a t e r i a l s  and M e th o d s ) .  C o n t r o ls  ( ♦ >
w ere  m a le  pups c a s t r a t e d  a t  b i r t h  who
r e c e iv e d  NFX o n ly  ( r e p r e s e n t s  p o o le d  v a lu e s
a t  t h e  tw o  NFX d o s e s ,  1 .4 5  and 2 . 9 0  u m o le s ) .
A l l  r a t s  r e c e iv e d  TP ( 2 . m g / r a t / d a y , s c )  fro m
Day 5 0 - 5 9  o f  l i f e .  V a lu e s  f o r  t h e  i n t a c t
a d u l t  m a le  (Q*> and t h e  i n t a c t  a d u l t  f e m a le
( O )  a r e  a l? o  g iv e n .  , t  y
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T a b le  I X .  E f f e c t s  o f  n a f o x i d i n e  on t h e  i m p r i n t i n g ,  by
t e s t o s t e r o n e  p r o p i o n a t e * * ,  o-f. e t h y l  m o rp h in e  N -  
d e m e th y la s e .  V a lu e s  a r e  th e -m e a n  ± ’ SE. S am ple  s i z e  
i n  b r a c k e t s .
S t e r o i d





(nm oles /m in /m gM P )
f .Km 
(mM)
0 2 . 1 7 *  ESI 3 . 9 6  ± ' 0 . 2 9  a 0 . 7 0  ±  0 . 04a
TP 1 .4 5 .  ESI 4 . 3 9  ±  0 . 2 4 a 0 . 7 6  ±  0 . 0 9 a
E2 1 . 4 5  ESI 4 . 0 9 *  ±  0 . 2 4 a . 0 . 7 8  ±  0 . 07a
DHT * 1 .4 5  E51 5 . 6 7  ±  0 . 5 0  a 0 . 6 3  ±  0 . 04a
0 - 2 . 1 7 *  ESI 3 .9 .6  ±  0 . 2 9  a 0 . 7 0  ±  0 .0 4 ^
t p  ; 2 . 9 0  E33 4 . 6 8  ±  0 . 5 6  a 0 . 7 2  ±  O.OS3-
,E2 2 . 9 0  T31 4 . 8 3  ±  0 . 2 0  a 0 . 7 1  ±  0 . 0 ^
DHT . 2 .9 0  LZ2 4 . 7 0  ±. 0 . 3 0 a 0 . 7 3  ±  O.Otf1
* *  -  T P - t r e a t e d  r a t s  r e c e iv e d  NFX a t  o n ly  tw o  doses
< 1 .4 3  and 2 . 9 0  u m o les )  and w ere  a n a ly z e d  s e p a r a t e l y  
w i t h  t h e  'E 2 -  and D H T - t r e a t e d  r a t s  t h a t  r e c e iv e d  t h e  
same doses  o-f NFX.
2 . 1 7 *  »  c a s t r a t e d  n e o n a te s  r e c e i v i n g  NFX o n ly ;  means '
r e p r e s e n t  p o o le d  v a lu e s  o f  b o th  NFX d o ses  ( 1 .4 5  
and 2 . 9 0  u m o le s ) .
TP , E 2 , and DHT w ere  i n j e c t e d  ( 1 . 4 5  u m o le s /p u p ,  s c )  on 
Days 2 ,  4 ,  and 6 o f  l i f e .  A l l  r a t s  r e c e iv e d  TP <2 m g / r a t /  
d a y ,  s c )  f ro m  Day 5 0 —5 9  o f  l i f e .
V a lu e s  w i t h  t h e  same s u p e r s c r i p t  a r e  n o t  s i g n i f i c a n t l y  
d i f f e r e n t  (P < 0 . 0 5 )  by  D u ncan ’ s M u l t i p l e  Range T e s t .
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Table XA. E ffe c ts  of nafoxidine on the im printing , by 17B- 
es trad io l  benzoate and SOC-dihydrot'estosterone 
benzoate, of the Vmax (nmoles/min/ogMP) of deoxycorti­
costerone 5 tt-reductase . Two-May analysis of variance.
H . ANALYSIS OF VARIANCE ’














• 6.211576  
0.0174*1. 
0.315797  









37 8.. 146521 . ^  ’• •
• C r i t ic a l  'values of the F -d is t r ib u t io n .a t ’ 0.05':
F<3,30) = 2.92 FC1,30) = 4. -17 • 
* s ig n i f ic a n t  F value . «
■ "
j .  y  *
Table XB. E ffec ts  of na'fdxiciine on the im printing , by 178- 
e s trad io l benzoate and' 5 tt-d ihydrotestosterane  
benzoate, of the apparent Km (mM> of deoxycorticoste­
rone 5 tt-reductase . Two-way analys is  of variance.
- • ANALYSIS OF VARIANCE
























Total 37 0.507706' -
C r i t ic a l  values of the F -d is tr ib u t io n  a t  0.05:
F (3,30) = 2 .92 • ;  F (1 ,30) = 4.17
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on th ®  Vmaj< o r  th ®  a p p a r e n t  Km <P < 0 . 0 5 ) .  Th im  shows t h a t  
th ®  i m p r i n t i n g  e f f e c t s  o-f E2 and DHT on th ®  Vmax and t h e  Km 
o f  t h e  enzyme a r e  e q u a l  i n  t h e  p r e s e n c e 'o f ^ N ^ X .  S i m i l a r l y ,
t h e r e  w e re  no s i g n i f i c a n t  e f f e c t s  o f  NFX dose  on t h e  a p p a r e n t
* * **
Km <P < 0 . 0 5 ) .  I n  o t h e r  w o rd s , NFX b lo c k s  e q u a l l y  t h e
♦
i m p r i n t i n g ,  by E2 and DHT, o f  t h e  a p p a r e n t  Km o f  t h e  enzyme
*
a t  a l l  d o s e s .  T h u s , t h e r e  was no s i g n i f i c a n t  s t e r o i d  x NFX 
dose  i n t e r a c t i o n  <P < 0 . 0 5 ) .  On t h e  o t h e r  hand, th e r -e  w ere
. s i g n i f i c a n t  NFX dose  e f f e c t s \ a n  t h e  Vmas^tP. < 0 . 0 5 ) .  These
fdose  e f f e c t s ,  h o w e v e r ,  d id  n o t  d i f f e r  b e tw een  E2 and DHT a s  
t h e r e  was no s i g n i f i c a n t  s t e r o i d  x NFX dose  i n t e r a c t i o n  (P < 
0 . 0 5 ) .
As shown i n  T a b le  X I ,  NFX, a t  0 . 5 5  u m o le ,  was n o t  ■
%
e f f e c t i v e  in  b l o c k i n g  t h e  i m p r i n t i n g  cau sed  by e i t h e r  E2 o r
DHT o f  t h e  Vmax o f  t h e  DOC 5 0 C - r e d u c t a s e .  The Vmax o b t a in e d
f o r  t h e  enzyme i n  £ 2 - t r e a t e d  r a t s  < 2 .7 3  ±  0 . 0 6  n m o le s /m in /m g
MP) as  w e l l -  a s  i n  D H T - t r e a t e d  r a t s  < 2 .7 3  ±  0 . 0 5  n m o le s /m in /
mgMP) w e re  s i g n i f i c a n t l y  l e s s  <P < 0 . 0 5 )  th a n  t h e  Vmax f o r
t h e  enzyme i n  t h e  c o n t r o l  group  < 3 .8 2  ±  0 . 0 8  nm oles /m in /m gM P )
and i n  t h e  i n t a c t  f e m a le s  < T ab le  I I ) .  H o w ever, t h e  a n t i -
e s t r o g e n ,  a t  1 . 4 5  o r  2 . 9 0  um o les , b lo c k e d  t h e  m a s c u l i n i z a t i o n
o f  t h e  Vmax by E2 < 3 .8 0  ±  0 . 0 7  nm oles /m in /m gM P  and 3 . 7 9  ±
0 . 0 1  n m o les /m in /m g M P , r e s p e c t i v e l y )  o r  by  DHT < 3 .6 0  ±  0 . 1 5  
• ' /
nm oles /m in /m gM P  and 4.^18 ±  0 . 1 4  nm o les /m in /m g M P ,  
r e s p e c t i v e l y )  . T h e se  v a lu e s  d id  n o t  d i f f e r  s i g n i f i ' c a n t l y  <P
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T a b le  X I .  E f f e c t s  o f  n a f o x i d i n e  on t h e  i m p r i n t i n g * _ b y  1 7 B -  
e s t r a d i o l  b e n z o a te  and 5C - d i h y d r o t e s t o s t ^ r o n e  
b e n r o a t e ,  o f  d e o x y c o r t i c o s t e r o n e  5 C - r e d u c t a s e .  
V a lu e s  a r e  th e -m e a n  [± SE. " S am p le  s i z e  i n  b r a c k e t s .









0.00 2 . 1 7 *  c b : 3 . 8 2  ±  O.OB3- 0 . 0 0 7 ±  0 . 001a
1 .4 5 0 . 5 5  C31 2 . 7 3  ±  0 . 0 6 0 . 0 0 4 ±  0 . 000a
1 . 4 5 1 . 4 5  csn 3 . B0 ±  0 . 0 7 * 0 . 0 0 7 ±  0 . 00l a
1 . 4 5 2 . 9 0  LZ1 3 . 7 9  ± 0 . 10a 0 . 0 0 8  wfi' 0 . 001a
DHT
<
0.00 2 . 1 7 *  CB3 3 . 8 2  ±  0 . 0 8 a 0 . 0 0 7 ±  0 . 001a
1 .4 5 0 . 5 5  C3I 2 . 7 3  ±  0 . 0 5 0 . 0 0 8 ±  0 . 0 0 3 a
1 .4 5 1 . 4 5  cs : 3 . 6 0  ±  0 . 15a 0 . 0 0 8 ±  0 . 002a
1 .4 5 2 . 9 0  ZZ1 4 . 1 8  ±  0 . 14a  
\
. 0 . 0 0 9 ±  0 . 001a
2 . 1 7 *  = c a s t r a t e d  n e o n a te s  r e c e i v i n g  NFX o n ly ;  means
r e p r e s e n t  p o o le d  v a lu e s  a t  b o th  NFX doses  ( 1 . 4 5  
and 2 . 9 0  u m o le s ) .
NFX was a d m in is t e r e d  (d o s e /p u p ,  s c )  on Day 01 p o s t - p a r t u m  
f o l l o w i n g  c a s t r a t i o n .
E2 and DHT w e re  a d m in is t e r e d  < 1 .4 5  u m o le s /p u p ,  s c )  on 
Days 2 ,  4 ,  and 6 p o s t - p a r t u m .  A l l  r a t s  r e c e iv e d  TP (2  mg/ 
r a t / d a y ,  s c )  f ro m  Day 5 0 - 5 9  o f  l i f e .
V a lu e s  w i t h  t h e  same s u p e r s c r i p t  a r e  n o t  s i g n i f i c a n t l y  
d i f f e r e n t  (P < 0 . 0 5 )  by Duncan’ s M u l t i p l e  Range T e s t .
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< 0 . 0 5 )  f ro m  t h e  Vmax - fa r  t h e  enzyme i n  t h e  c o n t r o l  g ro u p  o r
i n  t h e  i n t a c t  a d u l t  f e m a le s  ( T a b le  I I ) .  T h u s , t h e  i m p r i n t i n g  
of- t h e  Vmax o f- t h e  enzyme by  E2 and OHT i s  a p p a r e n t l y  
m e d ia te d  by  t h e  e s t r o g e n  r e c e p t o r .  ’
F i g u r e  8 shows t h e  i n h i b i t o r y  e f f e c t s  o f  NFX on t h e
i m p r i n t i n g  o f  t h e  Vmax o f  DOC 5 0 5 - r e d u c t a s e  by  E2 o r  DHT.
T h e re  was an a l l - o r — none e f f e c t  f ro m  NFX a t  t h e  t h r e e  doses  
* «
used h e r e .  A t  0 . 5 5  umole,, NFX was t o t a l l y  i n e f f e c t i v e  
( "n o n e "  re s p o n s e )  w h i l e  a t  e i t h e r  1 .4 5  o r  2 . 9 0  um o les , t h e r e  
was a c o m p le te  b lo c k  o f  t h e  i m p r i n t i n g  o f  t h e  Vmax by E2 o r  
DHT ( “a l l ' '  r e s p o n s e ) .  •
NFX, a t ' e i t h e r  1 . 4 5  o r  2 . '9 0  um oles , a l s o  c o m p le t e ly
s .
b lo c k e d  t h e  i m p r i n t i n g  o f  t h e  Vmax by TP ( T a b le  X I I ) .  The  
Vmax a t  1 .4 5  um oles  ( 3 . 5 7  ±  0 . 0 5  nm oles /m in /m gM P ) and a t
2 . 9 0  u m oles  ( 4 . 3 2  ±  0 . 3 7  nm oles /m in /m gM P ) d id  n o t  d i f f e r  
s i g n i f i c a n t l y  (P < 0 . 0 5 )  f ro m  t h e  Vmax i n  t h e  c o n t r o l  group  
o r  i n  t h e  i n t a c t  a d u l t  f e m a le s  (T a b le  I I ) .  T h ese  r e s u l t s  
s u g g e s t  t h a t  TP a l s o  i m p r i n t s  t h e  Vmax o f  t h e  DOC 5 0 5 — 
r e d u c t a s e  v i a  t h e  e s t r o g e n  r e c e p t o r .
>
The i m p r i n t i n g ,  by E2 and DHT, o f  t h e  a p p a r e n t  Km was 
a l s o  e f f e c t i v e l y  b lo c k e d  by NFX ( T a b le  X I )  a t  a l l  t h e  doses  
used ( 0 . 5 5  -  2 . 9 0  u m o le s ) .  A t  0 . 5 5  um ole  o f  n a f o x i d i n e ,  t h e  
Km o b t a in e d  i n  E 2 - t r e a t e d  r a t s  ( 0 .0 0 4  ±  0 . 0 0 0  mM) and t h a t  
o b t a in e d  i n  D H T - t r e a t e d  r a t s  ( 0 .0 0 8  ±  0 . 0 0 3  mM) w ere  n o t  
s i g n i f i c a n t l y  d i f f e r e n t  (P < 0 . 0 5 )  f ro m  t h e j ^ p p a r e n t  Km fro m
♦
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F ig u ^ e  S E f f e c t s  o f  t h e  a n t i e s t r o g e n ,  n a f o x i d i n e  
(N F X ),  on t h e  i m p r i n t i n g ,  by sex s t e r o i d s ,  
o f  t h e  Vmax o f  d e o x y c o r t i c o s t e r o n e  5 0 5 -  
r e d u c t a s e .  NFX was g iv e n  (s c )  t o  t h e  
c a s t r a t e d  pups on Day 1 p o s t - p a r t u m .  TP,
£ 2 , a r ^ D H T  w e re  a d m in is t e r e d  a s  d e s c r ib e d  
(s e e  fc3§/teria ls  and M e th o d s ) .  ' C o n t r o l s  ( ♦ )  
w ere  m a le  pups c a s t r a t e d  a t  b i r t h  who 
r e c e iv e d  NFX o n ly  ( r e p r e s e n t s  p o o le d  v a lu e s  
a t  t h e  tw o  NFX d o s e s ,  1 . 4 5  and 2 . 9 0  um oles)
A l l  ra t fe  r e c e iv e d  TP (2  m g / r a t / d a y ,  sc )  
f ro m  Day 5 0 - 5 9  o f  l i f e .  V a lu e s  f o r  t h e  
i n t a c t  a d u l t  m a le  ( O ' )  and t h e  i n t a c t  a d u l t  ^  
f e m a le  ( Q )  a r e  a l s o  g iv e n .






























T j£b le  X I I .  E f f e c t s  o f  n a f o x i d i n e  on t h e  i m p r i n t i n g ,  by
t e s t o s t e r o n e  p r o p i o n a t e * * ,  o f  d e o x y c o r t i c o s t e r o n e  
SOC—r e d u c t a s e .  V a lu e s  a r e  t h e  mean ±  5E . Sam ple  
s i r e  i n  b r a c k e t s .
1
S t e r o i d














2 . 1 7 *  £83
1 . 4 5  £53
1 . 4 5  £5T
1 . 4 5  £53
3 . 8 2  ±  0 . Opa  
3 . 5 7  ±  0 . 0 5 a  
■ 3 . 8 0  f  0 . 0 7  
3 . 6 0  ±  0 . I 5 a
0 .  007  ±  . 0 . 0 0 1 *  
0 . 0 0 7  ±  0 . 0 0 1 3, 
0 . 0 0 7  ±  O . 0 0 i a  
0 . 0 0 8  ±  0 . 002a
0
- TP . 
E2 4 
DHT
2 . 1 7 *  £83
2 . 9 0  £33
2 . 9 0  £33 
2C90  £33
3 . 8 2  ±  0 . 0 8 a  
4 . 3 2  ±  0 . 3 7 a  
3 . 7 9  *  0 : 1 0 a 
4 . 1 8  ±  0 . 1 4 a
0 . 0 0 7  ±  *0. 0O1 a 
O.'OIO ±  0 .  0 0 2 a 
0 . 0 0 8  ±  0 . 001a 
- 0 . 0 0 9  i  0 . 0 0 1 3,
* *  -  TP—t r e a t e d  r a t s  r e c e iv e d  NFX a t  o n ly  tw o doses
( 1 . 4 5  and 2 . 9 0  u m oles) and w ere  a n a ly z e d  s e p a r a t e l y  
w i t h  t h e  E2— and DHT—t r e a t e d  r a t s  t h a t  r e c e iv e d  t h e  
same d o s es  o f  NFX.
2-. 1 7 *  = c a s t r a t e d  n e o n a te s  r e c e i v i n g  NFX o n ly ;  means
r e p r e s e n t  p o o le d  v a lu e s  o f  b o th  NFX d o s es  ( 1 .4 S  
and* 2 . 9 0  um oles) '
TP, E2 , and DHT w e re  i n j e c t e d  ( 1 . 4 5  u m o le s /p u p ,  s c )  on 
Days 2 ,  4 ,  and 6 p o s t —p a r tu m .  A l l  r a t s  r e c e iv e d  TP (2  mg/ 
r a t / d a y ,  s c )  f ro m  Day 5 0 —5 9  o f  l i f e .
V a lu e s  w i t h  t h e  same s u p e r s c r i p t  a r e  n o t  s i g n i f i c a n t l y  
d i f f e r e n t  (P < 0 . 0 5 )  by D uncan ’ s  M u l t i p l e  Range T e s t .
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t h e  c o n t r o l  g ro u p .- - (0 .0 0 7  ±  0 . 0 0 1  mM) o r  t h e  i n t a c t  a d u l t  . 
■females ( T a b le  I I ) .  S i m i l a r l y ,  t h e  a p p a r e n t  Km i n  E 2 - t r e a t e d  
r a t s  t h a t  r e c e iv e d  1 '.4 5  and 2 . 9 0  um oles  o-f NFX ( 0 . 0 0 7  ±  0 .0 0 1  . 
mM and 0 . 0 0 8  ±  0 . 0 0 2  mM, r e s p e c t i v e l y )  w e re  n o t  s i g n i f i c a n t l y  
d i f f e r e n t  (P < 0 . 0 5 )  f ro m  t h a t  i n  t h e  c o n t r o l  g roup  o r  i n  
i n t a c t  a d u l t ,  f e m a le s .  The Km v a lu e s  in  D H T - t r e a t e d  r a t s  t h a t  
r e c e iv e d  1 . 4 5  o r  2 . 9 0  um oles  o f  NFX ( 0 . 0 0 8  ±  0 . 0 0 3  mM and 
0 . 0 0 8  ±  0 . 0 0 2  mM, r e s p e c t i v e l y ) - w ere  a l s o  n o t  s i g n i f i c a n t l y  
d i f f e r e n t  (P < 0 . 0 5 )  f ro m  t h a t  i n  t h e  c o n t r o l  g roup  o r  i n  
i n t a c t  a d u l t  f e m a le s  ( T a b le  I I ) .  Thu s , NFX, a t  a l l  d o ses ,  
c o m p le t e ly  b lo c k e d  t h e  i m p r i n t i n g ,  by E2 and DHT, o f  t h e  
a p p a r e n t  Km o f  t h e  enzym e. What i t  means i s  t h a t  0 . 5 5  um ole  
o f  NFX was above  t h e  minimum dose t h a t  c o u ld  e f f e c t i v e l y  
b lo c k  i m p r i n t i n g ,  by E2 o r  DHT, o f  t h e  a p p a r e n t  Km o f  t h e  DOC 
5 0 5 —r e d u c t a s e .  T h i s  f i n d i n g  d i f f e r s  f ro m  t h a t  made w i t h  t h e  
Vmax ( i . e . ,  NFX, a t  0 . 5 5  u m o le ,  was i n e f f e c t i v e  i n  b lo c k in g  
t h e  i m p r i n t i n g  e f f e c t s  o f  E2 and D H T). . P e rh a p s ,  t h i s  i s  an 
i n d i c a t i o n  t h a t  t h e  d e v e lo p m e n t  o f  t h e  Vmax o f  t h e  enzyme i s  
d i f f e r e n t  f ro m  t h e  d e v e lo p m e n t  o f  i t s  apparhent Km.
F i g u r e  9 i l l u s t r a t e s  t h e  i n h i b i t o r y  a c t i o n  o f  NFX 
a g a in s t  E2 and DHT i n  i m p r i n t i n g  t h e  Km o f  DOC 5 0 5 - r e d u c t a s e .  
I t  i s  e v i d e n t  t h a t  NFX, a t  a l l  d o s es , t o t a l l y  b lo c k e d  t h e  
i m p r i n t i n g  e f f e c t  o f  £2  and DHT on t h e  a p p a r e n t  Km o f  t h e  
enzym e. T h i s  f i n d i n g  shows t h a t  i m p r i n t i n g ,  by E 2 -a n d  DHT, 
o f  t h e  a p p a r e n t  Km o f  DOC 5 0 5 —r e d u c ta s e  a l s o  i n v o l v e s  t h e "
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F i g u r e  9  -  E f f e c t s  o f  t h e  a n t i e s t r o g e n ,  n a f o x i d i n e
(N F X ) , on t h e  i m p r i n t i n g ,  • by sex ^ s t e r o id s ,  
o f  t h e  a p p a r e n t  Km o f  d e o x y c o r t ic d s t e r o n e  
5 0 1 - r e d u c t a s e .  NFX was g iv e n  <sc) t o  t h e  
c a s t r a t e d  pups on Day 1 p o s t - p a r t u m . - TP, 
E2 , and DHT w e re  a d m in is te r e d  a s  d e s c r ib e d  
(s e e  M a t e r i a l s  and M e th o d s ) .  C o n t r o l s  ( ♦ )  
w ere  m a le  pups c a s t r a t e d  a t  b i r t h  who *
r e c e iv e d  MFX o n l y  ( r e p r e s e n t s  p o o le d  v a lu e s  
a t  t h e  tw o  NFX d o s e s ,  1 . 4 5  and 2 . 9 0  um oles)  
A l l  r a t s  r e c e iv e d  TP (2  m g / r a t / d a y ,  sc )  
f ro m  Day 5 0 - 5 9  o f  l i f e .  V a lu e s  f o r  t h e  
i n t a c t  a d u l t  m a le  < O*) and t h e  i n t a c t  a d u l t  
f e m a le  ( Q )  a r e  a l s o  g iv e n .
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e s t r o g e n  r e c e p t o r .
M o re o v e r ,  t h e  i m p r i n t i n g  e f f e d t  o-f TP on t h e  a p p a r e n t  Km 
o f  t h e  DOC SOC-reductase was a l s o  t o t a l l y  b lo c k e d  by 1 . 4 5  o r
2 . 9 0  um oles  o f  NFX ( T a b le  X I I ) .  The  a p p a r e n t  Km*s ( 0 . 0 0 7  ±
*
0 .0 0 1  mM and 0 . 0 1 0  ±  0 i 0 0 2  mM, r e s p e c t i v e l y )  w e re  n o t  
s i g n i f i c a n t l y  d i f f e r e n t  (P < 0 . 0 5 )  f ro m  th a n  o f  t h e  c o n t r o l
group o r  t h a t  o f  t h e  i n t a c t  a d u l t  f e m a le s  (T a b le  I I ) . ; These1
r e s u l t s  im p ly  t h a t  TP a l s o  i m p r i n t s  t h e  a p p a r e n t  Km‘ o f  t h e  
enzyme v i a  t h e  E2—r e c e p t o r .
A d d i t i o n a l  e x p e r im e n ts  w ere  p e r fo r m e d ,  u s in g  i n t a c t  m a le  
pups, t o  d e t e r m in e  w hat e f f e c t s  t h e  v e h i c l e  (p r o p y le n e  
g l y c o l ,  PG) and t h e  a n t ie 's t r o g e n  (NFX) m ig h t  h a v e  had on t h e  
Vmax and a p p a r e n t  Km o f  EM N -d e m e th y la s e  and DOC 50C -  
r e d u c t a s e .  The Vmax o f  t h e  EM N—d e m e th y la s e  was 1 . 2 5 - f o l d  
*  g r e a t e r  in  i n t a c t  m a le  n e o n a te s  t r e a t e d  w i t h  P G ' (1 0 .0 7 -  ±- 0 .3 1  
nm oles/m i'n /m gMP) th a n  i n  non—t r e a t e d  i n t a c t  m a le s  ( 8 . 0 3  ±
"N, 0 .2 1  -nm oles/m in/m gM P) ( T a b le  X I I I ) .  S i m i l a r l y . ,  t r e a t m e n t  o f
i n t a c t  m ale  pups w i t h  1 ..45 um oles  o f  NFX, i n  2 0 - u l ' o f .  PG, 
in c r e a s e d  t h e  Vmax ( 1 0 .6 1  ±  0 . 1 3  nm oles /m in /m gM P ) 1 .3 2  t im e s  
o v e r ,  t h a t  o f  n o n - t r e a t e d  i n t a c t ' m a l e s .  H ow ever, t h e  Vmax o f  
t h e  enzyme i n  t h e  PG- and t h e  N F X - t r e a t e d  i n t a c t  m a le s  d id  
n o t  d i f f e r  s i g n i f i c a n t l y  f ro m  each  o t h e r  (P < 0 . 0 5 ) .  S in c e  
PG i s  a  common f a c t o r  i n  b o th  tre a 't ied  g ro u p s  ( i . e . , .  NFX was 
d is s o lv e d  i n  P G ) , i t  may be i n f e r r e d  t h a t  PG in d u c e d  "hyper—  
m a s c u l i n i z a t i o n "  o f  t h e  Vmax o f  EM N -d e m e th y la s e  in  i n t a c t
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Table X I I I . -  E ffec ts  of the antiestrogen, nafoxid ine, or i t s  
vehicle ,, propyl-.ene g lyco l,  on ethylmorphine N- 







■t '  '
Km
(mM)-
In ta c t  males 151
In ta c t  males.
+ PS C33
In ta c t  males 
+ NFX in  PG C33
8 ,03  ± 0 .21a *
10.07 ± 0 .3 1 b 
«
10.61 ± 0 . l 3 b
0.32 ± 0 .0 2 *  
0 .37  ± 0 .04a
0.37 *  0 .03a
Propylene g lyco l,  PG (20 ul/pup) and nafoxid ine, NFX (1 .4 5 - 
umoles/'pup) were given, sc, on Day 01 post-partum.
Values with the same superscript are n o t 's ig n i f ic a n t ly  -
d i f fe r e n t  (P < 0.05) by Duncan's M u lt ip le  Range Test.
Table'XIV. E f fe c ts -o f  the anti estrogen, nafoxidine, or i ts '  
veh ic le , propylene g lyco l, on deoxycorticosterone 






In ta c t  males C53 ' 1.36 i  0 .2 , la • 0.020 ± » 0 . 004a
In ta c t  males 
PG C33
1.74 ± 0 .0 8 a ,0 .025 * 0 . 003a "
In ta c t  males 
+ NFX in  PG C33
2.12 ± 0 .3 4 a
v?
0,
0.030 ± 0 . 007a
.Propylene g lyco l,  PG (20 ul/pup) and nafoxid ine, NFX (1 .45  
umoles/pup) were given, sc, on Day 01 post-partum.
Values with the same superscript are not s ig n if ic a n t ly  
d i f fe r e n t  (P < 0.05) by Duncan’ s M u lt ip le  Range Test.
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m a le  p up s .*  The re a s o n  -for t h i s  a p p a r e n t  e f f e c t  o f  PG i s  n o t  
known. H o w ever, i t  may s im p ly  be an a r t i f a c t  due t o  th e "  
d i f f e r e n c e  i n  t im e  b e tw een  t h e  f i r s t  s e r i e s  o f  e x p e r im e n ts  
(when i n t a c t  m a le  v a l u e  was o b t a in e d )  and t h e  l a s t  s e r i e s
o f  e x p e r im e n ts  (when t h e  i n t a c t  m ale  ■+■ PG a n d ' t h e  i n t a c t  m a le  ' 
NFX v a lu e s  w ere  d e te r m in e d )  . More i m p o r t a n t l y ,  th e s e  
r e s u l t s  show t h a t  NFX, "a t 1 .4 5  um oles , d id  n o t  f e m i n i z e  t h e  
Vmax o f  t h e  EM N—d e m e th y la s e  in  i n t a c t  m a le  pups as  one would  
e x p e c t .  I t  may be' t h a t  t h e  amount o f  NFX g iv e n  t o  t h e  i n t a c t  
m ale  pups was n o t  s u f f i c i e n t  'to  b lo c k  t h e  i m p r i n t i n g  e f f e c t  
\ j  o f-  t h e  endogenous s t e r o i d s .  T h is  would  im p ly  t h a t  t h e  l e v e l s
o f  endogenous sex s t e r o i d s  in  t h e  i n t a c t  m a le  pup a r e  g r e a t e r  
th a n  t h e  amount o f  exogenous  sex s t e r o i d s  g iv e n  t o  t h e  
c a s t r a t e d  m a le  n e o n a te s .  N*---’
The a p p a r e n t  Km o f  t h e  enzyme was t h e  same i n  al^l g ro u p s  
o f  r a t s .  The: v a lu e *  in  i n t a c t  m ales  t- PG ( 0 . 3 7  ±  0 . 0 4  mMl as  
w e l l  as  in  i n t a c t  m a les  + NFX ( 0 . 3 7  ±  0 l 0 3  mM) d id .  n o t  
s i g n i f i c a n t l y  d i f f e r  (P < 0 . 0 5 )  fro m  t h a t  in  i n t a c t  m ales-  
( 0 . 3 2  ±  0 . 0 2  mM). T h i s  i m p l i e s  t h a t  n e i t h e r  PG n o r  NFX 
a l t e r e d  s i g n i f i c a n t l y  t h e  a p p a r e n t  Km o f  EM N -d e m e th y la s e  in  
i n t a c t  m a le  pups. P e rh a p s  t h i s  i s  an i n d i c a t i o n  t h a t  t h e r e  
was i n s u f f i c i e n t  NFX t h a t  c o u ld  e f f e c t i v e l y  b lo c k  t h e
<
i m p r i n t i n g  e f f e c t  o f  endogenous sex s t e r o i d s  on t h e  a p p a r e n t  
Km o f  t h e  e n z y m e 'in  i n t a c t  m a le  n e o n a te s  ( i . e . ,  t h e * l e v e l s  o f  
endogenous sex s t e r o i d s  in  t h e  i n t a c t  m a le  pup > t h e  amount




o f  exo genou s  sex  s t e r o i d s  g iv e n  t o  t h e  c a s t r a t e d  m a le  p u p ) .
T a b le  X IV  shows t h e  a c t i v i t y  o-f t h e  DOC 5 C C - r e d u c ta s e  
• fo l lo w in g  t h e  a d m i n i s t r a t i o n  o f .  PG o r  NFX t o  i n t a c t  m a le  
n e o n a te s .  The Vmax o b t a in e d  f o r  t h e  P G - t r e a t e d  < 1 .7 4  ±  0 . 0 8
n m oles /m in /m gM P ) as  w e l l  a s  t h e  PG—and—NFX—t r e a t e d  i n t a c t
m a les  < 2 .1 2  ±  0 . 3 4  n m o le s /m in /m g M P ),  a l th o u g h  ' in c r e a s e d , '  d id
n o t  d i f f e r  s i g n i f i c a n t l y  (P < 0 * 0 5 )  f ro m  t h e  Vmax i n  t h e  non—
\
t r e a t e d  m a le s  < 1 .3 6  ±  0 . 2 1  n m o le s /m in /m g M P ).  S i m i l a r l y ^  t h e  
a p p a r e n t  Km i n  i n t a c t  m a le s  t r e a t e d  w i t h  PG < 0 .0 2 5  ±  0 . 0 0 3
t
mM) o r  w i t h  NFX < 0 .0 3 0  ±  0 . 0 0 7  mM) w ere  n o t  s i g n i f i c a n t l y  
d i f f e r e n t  <P < 0 . 0 5 )  fe*dm t h a t  in  t h e  n o n - t r e a t e d  m a les
♦
( 0 .0 2 0  ±  0 . 0 0 4  mM) . T hese  r e s u l t s  suggest- t h a t  t h e  DOC 5 0 C -  
r e d u c ta s e  in  i n t a c t  m a le  pups i s  n o t  a f f e c t e d  by  e i t h e r  PG 
o r  NFX and t h a t  NFX, a t  1 . 4 5  u m o le s ,  was i n e f f e c t i v e  i n  "l
f e m i n i z i n g  t h e  Vmax and t h e  a p p a r e n t  Km o f  t h e  DOC 50C-  
r e d u c t a s e  i n  i n t a c t  m ale  p u p s . I t  i s  p o s s ib le  t h a t  t h e  
amount o f  NFX g iv e n  t o  t h e . i n t a c t  m a le  pup was, i n s u f f i c i e n t  
t o  b lo c k  t h e  i m p r i n t i n g  e f f e c t s  o f  endogenous sex s t e r o i d s  on 
t h e  Vmax and t h e  a p p a r e n t  Km o f  t h e  DOC 5 C - r e d u c t a s e . .  T h is  
would im p ly  t h a t  t h e  am ounts o f  exogenous TP, E 2 , and DHT 
t h a t  i m p r i n t  t h e  Vmax and t h e  a p p a r e n t  Km f o r  t h e  enzyme in  V'~' 
c a s t r a t e d  m a le  pups (s e e  R e s u l t s ,  S e c t io n  I I B )  r e p r e s e n t  
" h y p o p h y s io lo g ic "  l e v e l s  ( r e l a t i v e  t o  t h e  l e v e l s  o f  
endogenous sex s t e r o i d s  i n  t h e  i n t a c t  m ale  n e o n a t e ) .




(1 )  The Vm*x and t h e  a p p a r e n t  Km o f  t h e  tw o  m ic ro s o m a l  
enzym es d i f f e r  be tw een  t h e  s e x e s .  The Vmax o f  t h e  EM 
N -d e m e th y la s e  i s  g r e a t e r  and i t s  a p p a r e n t  Km i s  s m a l le r
T
i n  i n t a c t  a d u l t  m ale  th a n  i n  i n t a c t  a d u l t  f e m a le  r a t s .
*
The c o n v e r s e  i s  t r u e  f o r  t h e  DOC 5 C C -r e d u c ta s e .
(2 )  The p r e s e n c e  o f  t h e  t e s t e s  i n  t h e  n e o n a t a l  p e r i o d  
r e s u l t s  i n  (a )  a p e rm an e n t  " m a s c u l i n i z a t i o n '* o f  t h e  
l e v e l  o f  a c t i v i t y  o f  t h e  enzym es and (b) an in c r e a s e d  
r e s p o n s iv e n e s s  o f  t h e  enzymes t o  t e s t o s t e r o n e  i n  t h e
\  a d u l t .
(3 )  T h r e e  sex s t e r o i d s  — TP, E 2 ,  and DHT -  w e re  fo u n d  t o
0
i m p r i n t  t h e  enzym es. T h is  l i s t  i s  n o t  n e c e s s a r i l y  
e x h a u s t iv e .
(4 )  The lo w e s t  dose  o f  TP, E 2 , ' o r  DHT t h a t  i m p r i n t s  b o th
t
t h e  Vmax and t h e  a p p a r e n t  Km o f  t h e  EM N—d e m e th y la s e  
. l i e s  b e tw e e n  0 . 3 7  and 0 . 7 3  u m o le .
(5 )  T h e - lo w e s t  dose o f  TP, E 2 , o r  DHT t h a t  i m p r i n t s  t h e  Vmax 
o f  t h e  DOC 5 C C -r e d u c ta s e  l i e s  b e tw een  0 . 3 7  and 0 . 7 3
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' (6)
u m o ls .  E2 i m p r i n t s  t h *  a p p a r e n t  Km a t  a  doss b « t w w n  
0 . 3 7  and 0 . 7 3  u m o le  w h e re a s  TP and DHT b o th  i m p r i n t  a t  a  
doss  l a s s  th a n  0 . 3 7  u m o ls .
The i m p r i n t i n g  e f f e c t s  o f  TP , E 2 ,  o r  DHT can be b lo c k e d  
by n a f o x i d i n e .  Thu s , t h e s e  e f f e c t s  a r e  m e d ia te d  th ro u g h  
t h e  e s t r o g e n  r e c e p t o r .
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DISCUSSION
T h i s  s tu d y  h a s  fo u n d  t h a t  t h *  N - d e m e t h y la t io n  o f  e t h y l — 
m o rp h in e  (EM) and t h *  5CC —r e d u c t i o n  o f  d e o x y c o r t i c o s t e r o n e
*  n
(DOC) i s  s e x u a l l y - d i f f e r e n t i a t e d  i n  t h e  r a t .  The EM
N -d e m e th y la s e  f ro m  m a le  r a t s  has  a  l a r g e r  V m a x ^ n d  a  s m a l l e r
a p p a r e n t  Kra th a n  t h e  e n z y m e .f ro m  t h e  f e m a le .  C o n s e q u e n t ly ,
t h e  m a le  m e t a b o l i z e s  EM f a s t e r  th a n  t h e  f e m a le .  C o n v e r s e ly ,
t h e  DOC 50C —re d u c ta s fe  f r a m  f e m a le  r a t s  h as  a  l a r g e r  Vmax and
« - .  •
a  s m a l le r  a p p a r e n t  Km th a n  t h e  enzyme f ro m  th e .  m a le ,  t h u s ,  
t h e ' f e m a l e  m e t a b o l i z e s  DOC f a s t e r  th a n  t h e  m a le .  Our d a t a  
a g r e e  w i t h  t h o s e  p r e v i o u s l y  p u b l is h e d  on t h e  sex d i f f e r e n c e s  
i n  d ru g  ( D a v ie s  e t  a l . ,  1968 ; K a to  and O noda, 1970; Chung e t  
a l . ,  1975) and s t e r o i d  m e ta b o l is m  i n  t h e  r a t  (Y a te s  e t  a l . ,  
1 95 8a ;  T ro o p ,  1 9 5 8 ) .
T h *  cau se  o f  t h e  d i f f e r e n c e s  b e tw een  t h e  s e x e s  i n  t h e  
r a t e s  o f  d ru g  and s t e r o i d  m e ta b o l is m  a p p e a r s  t o  be  a s s o c i a t e d  
w i t h  t h e  p re s e n c e  o f  t h e  t e s t e s  i n  t h e  n e o n a t a l  p e r i o d .
Thu s , t h e i r  p re s e n c e  c a u s e s  (a )  a  p e rm a n e n t  “m a s c u l i n i z a t i o n * '  
o f  t h e  b a s a l  a c t i v i t y  o f  t h e  tw o  m ic ro s o m a l enzymes and (b )  a  
r e s p o n s iv e n e s s  o f  t h e  enzymes t o  t e s t o s t e r o n e  in  ad u lth o o d * .  
The m eaning o f  " m a s c u l i n i z a t i o n "  d i f f e r s  f o r  t h e  tw o  enzym es.  
F o r  t h e  EM N -d e m e th y la s e ,  t h e r e  i s  an i r r e v e r s i b l e  i n d u c t i o n  
( p o s i t i v e  i m p r i n t i n g )  o f  a  l a r g e  Vmax and a s m a l l  a p p a r e n t
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Km. T h e r e  i s  a l s o  a. r e s p o n s iv e n e s s  o-f t h e  enzym e t o  t h e
s t i m u l a t o r y  a c t i o n  o-f t e s t o s t e r o n e  i n  t h e  a d u l t .  F o r  t h e  DOC
5 0 6 —r e d u c t a s e ,  on t h e  o t h e r  h an d , t h e r e  * is  an i r r e v e r s i b l e
s u p p r e s s io n  ( n e g a t i v e  i m p r i n t i n g )  r e s u l t i n g  i n  a  s m a l l  Vmax
and a l a r g e  a p p a r e n t  ^m a s  w e l l  as  a  s e n s i t i v i t y  o-f t h e
enzyme t o  t h e  s u p p r e s s iv e  a c t i o n  o-f t e s t o s t e r o n e  i n  a d u l t h o o d .
The e n d - p o i n t  in  b o th  c a s e s ,  h o w e v e r ,  i s  a m a l e - t y p e  o f
h e p a t i c  m e ta b o l is m .  t
We have  -found t h a t  t h r e e  sex s t e r o i d s  — TP, DHT, and E2
-  i m p r i n t  t h e  a p p a r e n t  Km and Vmax o f  t h e  DOC 5 0 6 - r e d u c t a s e .
^  ' *
T h is  o b s e r v a t io n  i s  i n  c o n c e r t  w i t h  t h a t  p r e v i o u s l y  made by.
S u s ta fs s o n  and S te n b e rg  ( 1 9 7 6 a )^  M o re o v e r ,  we fo u n d  t h a t  TP ,
E2, and DHT a l s o  i m p r i n t  t h e  a p p a r e n t  Km and Vmax o f  t h e  EM
N -d e m e th y l  a s e .  These l a t t e r  d a t a  d is a g r e e  w i t h  .those o f
Chung (1 9 7 7 )  who r e p o r t e d  t h a t  0 . 0 7  um ole  o f  l 7 B - e s t r a d i o l
d i p r o p i o n a t e / p u p  on Days 2 and 4 p o s t  p a r tu m  f a i l e d  t o
m a s c u l i n i z e  t h e  enzym e. T h i s  dose i s  5 - f o l d  l e s s  th a n  one
( 0 . 3 7  u m o le /p u p )  t h a t  we fo u n d  t o  be i n e f f e c t i v e  a t
im p r i n t i 'n g ,  and i s  1 0 - f o l d  l e s s  th a n  t h e  lo w e s t  dose ( 0 . 7 3
u m o le /p u p )  t h a t  we fo u n d  t o  i m p r i n t  t h e  EM N—d e m e th y la s e .
Thus , i t  i s  p r o b a b le  t h a t  t h e  dose o f  E2 em ployed  by Chung
(1 9 7 7 )  was t o o  lo w .
□ u r  d a t a  w ould  i n d i c a t e  t h a t  no d i f f e r e n c e s  e x i s t
b e tw een  t h e  i m p r i n t i n g  o f  h e p a t i c  d rug  and s t e r o i d  m e ta b o l is m
i n  t h e  r a t .  T h is  c o n c lu s io n  i s  drawn fro m  t h e  o b s e r v a t io n
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t h a t  a l l  t h r e e  o-f the . sax  s t e r o i d s  — TP, E 2 ,  and DHT -  when
* . » .
g iv e n  a t  e q u im o la r  doses  a r a  e q u a l l y  a - f - f a c t iv e  a t  i m p r i n t i n g
t h a  EM N—d a m a th y la s a  and t h e  DOC 3G C -re d u c ta s e .  T h i s  i m p l i e s
t h a t  t h e r e  e x i s t s  a  common mechanism  o-f c o n t r o l  - fo r
i m p r i n t i n g  b o th  d ru g  and s t e r o i d  m e ta b o l is m .  T h u s , d e s p i t e
t h e  e x i s t e n c e  o-f m u l t i p l e  is o z y m e s  -for cytochrjpm e P - 4 5 0
(G u e n g e r ic h ,  1977; Ryan e t  a l . ,  1 97 9 , 1 98 0 , 1982; Chung e t
a l . ,  1981; Dannan e t  a l . ,  198 3 ;  K a m atak i e t  a l . ,  1983) and
%
t h e  h e t e r o g e n e i t y  o-f 3 - k e t o s t e r o i d  r e d u c ta s e s  i n  r a t  l i v e r  
(M cG u ire  e t  a l . 1 9 6 0 ) ,  t h e  same c o n t r o l  sys te m  o p e r a t e s  f o r  
b o th  m ic ro so m a l enzym es. T h i s  w ould  th e n  n e c e s s i t a t e  a 
common s i t e  o f  a c t i o n  o f  t h e  t h r e e  sex s t e r o i d s  t o  i m p r i n t  
b a th  h e p a t i c  d r u g -  and s t e r o i d - m e t a b o l i z i n g  enzym es.
An im m e d ia te  c a n d id a t e  f o r  t h e  c o n t r o l  s i t e  f o r  
i m p r i n t i n g  i s  t h e  l i v e r .  In  f a c t ,  many i n v e s t i g a t o r s  
s p e c u l a t e  t h a t  sex s t e r o i d s  a c t  d i r e c t l y  on t h e  l i v e r  v i a  
a n d ro g e n -  ( M i l i n  and Roy, 197 3 ; G u s ta fs s o n  e t  a l . ,  1975b)  
and e s t r o g e n - b i n d i n g  p r o t e i n s  (Chamness e t  a l . , . 1 9 7 3 ;  
E i s e n f e l d  e t  a l . ,  1976; D ic k s o n  e t  a l . ,  1 9 7 8 ,  1979; P o w e l l -  
Jones e t  a l . ,  1 9 8 0 ,  1981; S lo o p  e t  a l . ,  1 9 8 3 ) .  H o w ever, t h e  
f a c t  t h a t  sex s t e r o i d s - d o  n o t  a f f e c t  h e p a t i c  m e ta b o l is m  o f  
d ru g s  (C o lb y  e t  a l . ,  1973 ; K ram er e t  a l , ,  1 9 7 5 ,  197 9 ;  F in n e n  
and H a s s a l l ,  1980) and s t e r o i d s  (D e n e f ,  1974; Lax e t  a l . ,  
1974; G u s ta fs s o n  and S t e n b e r g ,  1974b\^_J.976b) i n  
h y p o p h y s e c to m iz e d  r a t s  i n d i c a t e  t h a t  TP , E 2 , and DHT a c t , .
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n o t  d i r e c t l y  on t h e  l i v e r ,  b u t  v i a  t h e  p i t u i t a r y .  I t  i s  
i n t e r e s t i n g  t o  n o t e  t h a t  t h e  i m p l a n t a t i o n  o-f an e c t o p i c  
p i t u i t a r y  i n  h y p o p h y s e c to m iz a d  m a le  r a t s  r e s u l t e d  i n  t h e  
f e m i n i z a t i o n  o f  h e p a t i c  s t e r o i d  m e ta b o l is m  (D e n e f ,  1974;  
G u s ta fs s o n  and S t e n b e r g ,  1976b ; B u rk e  e t  a l . ,  1978;
G u s ta fs s o n  and S k e t t ,  1 9 7 8 ) .  T h u s ,  i t  a p p e a r s .a s  th o u g h  t h e  
p i t u i t a r y  s e c r e t e s  a  " f e m i n i z i n g  f a c t o r "  in  t h e  m a le  r a t .
E x t e n s iv e  w ork in  s e v e r a l  l a b o r a t o r i e s  have  c o n f i r m e d  
t h a t  exogenous g ro w th  hormone (GH) f e m i n i z e s  b o th  h e p a t i c  
d ru g  and s t e r o i d  m e ta b o l is m  in  t h e  m a le  r a t  (K ram er and  
C o lb y ,  197 6 ; Rumbaugh and C o lb y ,  198 0 ;  Mode e t  a l . ,  1 9 8 1 ,
1983; Lax e t  a l . ,  1983; V i r g o ,  1 9 8 5 ) .  I t  was d e m o n s tra te d
i n  o u r  l a b o r a t o r y  (V o c k e n ta n z  and V i r g o ,  1985) t h a t  GH 
f e m i n i z e s  t h e  h e p a t i c  m anooxygenases by c a u s in g  a  d e c re a s e  
i n  t h e  s y n t h e s i s  o f  t h e  m a le - t y p e  cytochrom e*-P^-450. On t h e  
o t h e r  h an d , t h e r e  i s  no s a t i s f a c t o r y  e v id e n c e  t h a t  GH 
f e m i n i z e s  h e p a t i c  m e ta b o l is m  i n  t h e  f e m a le  r a t '  (K ram er e t  
a l . ,  1978; V i r g o ,  1 9 8 3 ) .  H o w ever, w ork i s  c u r r e n t l y  in  
p r o g r e s s  i n  o u r  l a b o r a t o r y  t o  e l u c i 'd a t e  on a  p o s s i b l e  r o l e  o f  
GH i n  t h e  f e m a le  r a t .
The " f e m i n i z i n g "  e f f e c t  o f  GH on h e p a t i c  m etabol-ism  i s  a
f u n c t i o n  o f  t h e  i n f l u e n c e  o f  g o n a d a l  s t e r o i d s  on i t s  
s e c r e t o r y  p a t t e r n  i n  a d u l t  r a t s .  I t  h a s  been d e m o n s tra te d  by  
Mode and co—w o r k e r s  (1 9 8 2 )  t h a t  c a s t r a t i o n  o f  p r e p u b e r t a l  
m ales  cau sed  a  f e m a le  p a t t e r n  o f  GH s e c r e t i o n  ( i . e . ,
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in c r e a s e d  GH b a s a l i n e  1a v a l s  and d a c ra a s o d  GH p u ls e  ■ ^S ' '
concantration  in  th a  a d u lt CEdan  ̂ 19791). Th is  Mas
accom pan ied  b y  an i n c r e a s e  i n  t h e  a c t i v i t y  o f  t h e  h e p a t i c
5 t t - r e d u c t a s e .  T r e a tm e n t  o-f t h e  c a s t r a t e d ^  mal es  w i t h
t e s t o s t e r o n e  (T ) “m a s c u l in iz e d "  t h e  p a t t e r n  o-f GH s e c r e t i o n
>
( i . e . ,  minimum p lasm a-G H  l e v e l s  d e c r e a s e )  c o n c o m ita n t  w i t h  
d e c re a s e d  a c t i v i t y  o-f t h e  enzym e. Thus , sex s t e r o i d s  a p p e a r  
t o  r e g u l a t e  t h e  s e c r e t o r y  p a t t e r n  o-f GH.
H o w ever, we know f o r  a f a c t  t h a t  t h e  r e l e a s e  o f  GH fro m  
t h e  p i t u i t a r y  i s  c o n t r o l l e d  by t h e  hypcftha lam us v i a  a  
r e l e a s i n g  f a c t o r ,  s o m a t o c r in in  ( V a le  e t  a l . ,  1974; G u i l l e m i n
e t  a l . ,  1982; S p ie s s  e t  a l . ,  1983) and a r e l e a s e - i n h i b i t i n g  
f a c t o r ,  s o m a t o s t a t in  (B ra z e a u  e t  a l . ,  1973 ; V a le  e t  a l . ,  
1 9 7 4 ) .  In  f a c t ,  G u s ta fs s o n  and c o - w o r k e r s  (I97£>a) have  
d e m o n s tra te d  t h a t  e l e c t r o t h e r m a l  l e s i o n s  o f  th e .  h y p o th a la m u s  
i n  m ale  r a t s  f e m in i z e d  h e p a t i c  s t e r o i d  m e ta b o l is m .  T h is  
s u g g e s ts  t h a t  t h e  r e l e a s e  o f  t h e  f e m i n i z i n g  f a c t o r  (GH) i s  
_ i n h i b i t e d  by t h e  h y p o th a la m u s  th r o u g h  a r e l e a s e - i n h i b i t i n g  
f a c t o r  (G u s ta fs s o n  e t  a l . ,  1976a; G u s ta fs s o n  e t  a l . ,  1977)  
w hich  i s  p r o b a b ly  s o m a t o s t a t in  ( S S ) . In d e e d ,  G ross (1 9 8 0 )  
r e p o r t e d  t h a t  SS l e v e l s  i n  t h e  m edian em in en ce  o f  t h e  
h yp o th a la m u s  d e c re a s e d  f o l l o w i n g  c a s t r a t i o n  o f  m ale  r a t s  
whepeas r e p la c e m e n t  t h e r a p y  w i t h  T r e s t o r e d  t h e  l e v e l s  t o  
th o s e  fo u n d  i n  i n t a c t  m a le s .  T e s t o s t e r o n e  r e p la c e m e n t  a l s o  
prom oted t h e  s t o r a g e  o f  GH in  t h e  p i t u i t a r y .  T h u s , i t
. I t *
J
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‘ a p p e a r s  a s  th o u g h  T in d u c e s  SS s y n t h e s is  i n  and r e l e a s e  -from
*
t h e  h y p o th a la m u s  w h ic h  c o n s e q u e n t ly  i n h i b i t s  t h e  r e l e a s e  o-f
SH -from t h e  p i t u i t a r y .  M o r e o v e r ,  V i r g o  (1 9 8 5 )  s u g g e s te d  t h a t
T i n f l u e n c e s  h e p a t i c  d ru g  m e ta b o l is m  i n  t h e  m a le  r a t  e i t h e r
by d e c r e a s in g  SH l e v e l s  o r  by  s u p p r e s s in g  t h e  a c t i o n  o f  GH
on t h e  l i v e r .  Or, t h e  o t h e r  han d , t h e  p re s e n c e  o f  an a n t i  —
' serum  t o  SS r e s u l t e d  i n  f e m i n i z a t i o n  o f  h e p a t i c  s t e r o i d
m e ta b o l is m  in  t h e  m a le  r a t  l i v e r  (G u s ta fs s o n  e t  a l . ,  1983;
N o r s t e d t  e t  a l . ,  1 9 8 3 ) .
*
T h u s , t h e  common c o n t r o l  c e n t e r  f o r  i m p r i n t i n g  b o th  
h e p a t i c  d ru g  and s t e r o i d  m e ta b o l is m  a p p e a rs  t o  be^£h£.—^  
h y p o th a la m u s .  I t  may w e l l  be t h a t  t h e  t h r e e  i m p r i n t i n g  sex  
s t e r o i d s  — TP, E2, and DHT — p ro m o te  t h e  s y n t h e s is  and 
r e l e a s e ' o f  SS f ro m  t h e  h y p o th a la m ic  n e u ro n s  w h ic h  Sere most 
a b u n d a n t  in  t h e  s t a l k  m edian  em in en ce  a r i s i n g  m a in ly  f ro m  t h e  
a n t e r i o r  h y p o th a la m ic  a r e a  and . .v e n t r a l  m e d ia l  p r e o p t i c  a r e a  
(Epelbaum  e t  a l . ,  1977 ; Johansson and H o k f e l t ,  1980; F i l b y  
and G ro s s ,  .1983 ) .  We a l s o  p o s t u l a t e  t h a t  i m p r i n t i n g ,  by t h e  
t h r e e  sex s t e r o i d s ,  re d u c e s  t h e  c a p a c i t y  o f  t f ie  h y p o th a la m ic  
n e u ro n s  te r  s y n t h e s iz e  and r e l e a s e  g ro w th  hormone—r  e l  e a s in g  
f a c t o r  (GRF) s i n c e  GRF—im m u n o r e a c t iv e  s t r u c t u r e s  a r e  a l s o  
most a b u n d a n t  i n  t h e  h y p o th a la m u s  ( M e r c h e n t h a le r  e t  a l . ,
1 9 8 4 ) .
I f  t h e  u l t i m a t e  s i t e  f o r  i m p r i n t i n g  i s  t h e  h y p o th a la m u s , '  
th e n  E 2 , TP, and DHT s h o u ld  i n t e r a c t  w i t h  b in d in g  com ponents
*
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p r e s e n t  i n  t h i s  r e g i o n  o f  t h e  b r a i n  as  a  p r e r e q u i s i t e  - fo r .
s t e r o i d  a c t i o n  (J o r d a n ,  1 9 8 4 ) .  The p re s e n c e  o-f b o th  an d ro g en
■ •
(K a to  and O n o u c h i , 197 3 ; N aess  e t ^ a l . ,  197 5 ; G usta-fsson e t  
a l . ,  1976b; L ie b e r b u r g  e t  a l . . , 1 9 7 7 a ;  L ie b e r b u r g  e t  a l . , 
198 0a ) and e s t r o g e n  r e c e p t o r s  (Z igm und and McEwen, 1970;  
G e n t ry  e t - a l . ,  1976; L ie b e r b u r g  and McEwen, 1977 ; L ie b e r b u r g  
e t  a l . , 1980b ) i n  t h e  h y p o th a la m u s  o-f t h e  n e o n a ta l  r a t  poses  
a p o s s i b i l i t y  t h a t  t h e  sex s t e r o i d s  p r o b a b ly  b in d  t o  i t s  
s p e c i - f ic  r e c e p t o r s  i n  o r d e r  t o  i m p r i n t .  H ow ever, o u r  d a t a  in  
t h e  t h i r d  s e r i e s  a-f e x p e r im e n ts  show t h a t  th e  e s t r o g e n  
r e c e p t o r  b lo c k in g  a g e n t ,  n a - fo x id in e  (NFX) , p r e v e n te d  a l l  t h e  
i m p r i n t i n g  ef^ftects o-f TP, DHT, and E2 on b o th  enzym es in  
m ales  c a s t r a t e d  a s  pups; T h i s  s u g g e s ts  t h a t  t h e  E2—r e c e p t o r  
p la y s  a  m a jo r  r o l e  in  t h e  i m p r i n t i n g  p rocess '.  C y t o s o l i c  and 
n u c l e a r - e s t r a d i o l - b i n d i n g  p r o t e i n s  h ave  been l o c a l i z e d  i n  a 
number o-f r e g i o n s  in  t h e  b r a i n  o f  t h e  n e o n a ta l  r a t .  These  
r e c e p t o r s  a r e  -Found a t  h ig h  c o n c e n t r a t i o n s  i n  t h e  
h y p o th a la m u s —p r e o p t i c  a r e a —a m y g d a lo id  r e g io n  (HPOA) 
(L ie b e r b u r g  and McEwen, 197 7 ; L ie b e r b u r g  e t  a l . ,  1 9 8 0 b ) .
The o n to g e n y  o f  t h e s e  r e c e p t o r s  has been e x t e n s i v e l y
s t u d ie d  by  M acLusky and c o - w o r k e r s  (1 9 7 9 a ,  b) . C y t o s o l i c
and n u c le a r  E 2 - r e c e p t o r s  a r e  f i r s t  d e t e c t e d  on Day 21 o f
g e s t a t i o n  ( 1 - 2  days  b e f o r e  b i r t h ) .  T h e r e a f t e r ,  r e c e p t o r
c o n c e n t r a t i o n s  in c r e a s e .  In  . th e .  h y p o th a l  amus, c y t o s o l i c
r e c e p t o r s  r e a c h  a  peak l e v e l  o f  a f f fb ro x im a te ly  14 fm o l/m g
r *
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c y t o s o l i d  p r o t e i n  b e tw een  Days 7  and 15 p o s t  p a r tu m ;  n u c le a r  
r e c e p t o r s  a l s o  r e a c h  a  p eak  l e v e l  o-f a p p r o x im a t e ly  0 . 5  p m o l /
"-'V
mg DNA a t  t h i s  t i m e ,  j . .
The p r e s e n c e  o f .  e s t r o g e n  r e c e p t o r  i n  t h e  
h y p o th a la m u s  d u r in g  t h e  n e o n a t a l  p e r i o d  makes i t s  in v o lv e m e n t  
i n  t h e  i m p r i n t i n g  o f  h e p a t i c  m e ta b o l is m  i n  t h e  r a t  a t  l e a s t  
p a s s i b l e .  /P fc w e v e r ,  t h e  manner i n  whicPh-^he t h r e e  sex  
s t e r o i d s — TP, E 2 , and DHT -  i n t e r a c t  w i t h  tr^e e s t r o g e n  
r e c e p t o r  needs  t o  be  exam ined  i n  o r d e r  t o  f i n d  any l i n k  
betw een  s t e r o i d - r e c e p t o r " ^ i n t e r a c t i o n , on t h e  one hand,' and 
i m p r i n t i n g ,  on t h e  o t h e r .  L e t  us exam in e  each o f  t h e  t h r e e  
sex s t e r o i d s  s e p a r a t e l y  v i s —a—v i s  t h e  p o s s i b l e  in v o lv e m e n t  o f  
' t h e  E 2 - r e c e p t o r  in  m e d ia t in g  t h e i r  i m p r i n t i n g  e f f e c t s .
The b in d in g  o f  E2 t o  t h e  e s t r o g e n ' r e c e p t o r  in  s e v e r a l  
b r a i n  t i s s u e s  o f  t h e  n e o n a ta l  r a t  i s  f a i r l y  w e l l  -documented  
(Zigmond and McEwen, 1970 ; Gentry^ e t  a l . , 1976; L ie b e r b u r g
and McEwen, 1977; L ie b e r b u r g  e t  a l . ,  1 9 8 0 b l .  The r e c e p t o r  
e x h i b i t s  a  h ig h  a f f i n i t y  f o r  E2 (a p p a r e n t  Kd = 0 . 3 3  t o  0 . 5 5  
x 10 '~10 M) ( L ie b e r b u r g  e t  a l . , 1 9 8 0 b ) .  The l e v e l s  o f  E2 in  
t h e  h y p o th a la m u s  and t h e  serum  h ave  been r e p o r t e d  by Rhoda 
and c o - w o r k e r s  ( 1 9 8 4 ) .  ThepBL-irS>an V n c r e a s e  in  t h e  l e v e l  o f  
E2 - in  t h e  h y p o th a la m u s  d u r in g  t h e  j f h o u r  p o s t - p a r t u m  
( f ro m  2 5 8  p g /g  t o  531 p g / g ) -  T h i s  l V ^ e l  i s  m a in ta in e d  f o r  
a n o th e r  h o u r  a f t e r  w h ich  t h e  l e v e l  o f  E2 d e c l i n e s  s t e a d i l y  
u n t i l  24  h o u rs  a f t e r  b i r t h .  T h u s , t h e  s u rg e  in  t h e  l e v e l s
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o f  E2 c o r r e l a t e s  w e l l  .w i th  t h e  s u rg e  i n  t h e  l e v e l s  o f  t h e
e s t r o g e n  r e c e p t o r  i n  t h e  h y p o th a la m u s  (MacLusky e t  a l . ,
1 9 7 9 a ) .  'On t h e  o t h e r  han d , t h e  £ 2  l e v e l  i n  t h e  serum'
d e c re a s e s  d u r in g  t h e  f i r s t  4 h o u rs  p o s t - p a r t u m  <from 310  p g /
ml t o  200 p g / m l ) .
In  o r d e r  t o  com pare t h e  amount o f  E2 t h a t  we o b s e rv e d  t o
i m p r i n t  h e p a t i c  d rug  and s t e r o i d  m e ta b o l is m  i n  t h e  n e o n a t a l l y
c a s t r a t e d  r a t  ( 0 . 7 3  u m o le /p u p )  w i t h  t h e  c o n c e n t r a t i o n  o f
endogenous E2 in  t h e  p lasm a o f  t h e  i n t a c t  m a le  n e o n a te ,  we
u s e d ■th e . f o l 1 owing e q u a t io n  t o  e s t i m a t e  t h e  c o n c e n t r a t i o n  o f
*
t h e  exogenous s t e r o i d  in  t h e  p lasm a (M ayer e t  a l . , -1980 ):
w h e r e .C t  = c o n c e n t r a t i o n  o f ' E2 i n  t h e  p lasm a (p g /m l )  a t  t im e
t ;  D = dose o f  E2 (199  u g / p u p / d a y ) ; Vd = vo lum e o f
%
d i s t r i b u t i o n  (2 0 0  u l  EBaker e t  a l . ,  1 9 8 0 1 ) ;  Ka = a b s o r p t io n *
A
a b s o r p t io n  r a t e  c o n s t a n t  ( 1 . 6 2  x 1 0 _ o /m in  CEmmens, 1 8 4 1 3 ) ;  
Ke = e l i m i n a t i o n ’ r a t e  c o n s t a n t3 0 . 6 9 3  4  t f  ( S o l d s t e i n  e t  
a l  . , 1974) w here  t  £  fo h  E2 i s  30 min ( K a t z e n e l 1enbogen e t  
a l . , 1 9 7 8 ) ;  and f  = f r a c t i o n a l  a b s o rb a n c e  f o r  sc  -s
a d m i n i s t r a t i o n  = (Ka) CD) —  D (assum ing 1007. a b s o r p t io n  
C G o ld s te in  e t  a l . , 1 9 7 4 3 ) .  Thu s , the* Amount o f  exogenous  E2
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t h a t  was p r e s e r t t  i n  t h e  p lasm a  o f  t h e  m a le s  c a s t r a t e d  as  pups  
( 6 9 . 8  p g /m l )  was o n l y  35% o-f t h e  l e v f l  o f  endogenous E2 (2 0 0  
p g /m l )  r e p o r t e d  by Rhoda and c o - w o r k e r s  ( 1 9 8 4 ) .  Thu s , t h e  
exogenous  E2 t h a t  i m p r i n t s  t h e  enzym es i s  " h y p o p h y s io lo g ic "  
r e l a t i v e  t o  t h e  endogenous l e v e l s  o-f E2 in  t h e  i n t a c t  m a le  
n e o n a te .
_ s i t u a t i o n  may e x p l a i n  o u r  o b s e r v a t io n  t h a t  NFX had
no. e f f e c t  . i n  t h e  i n t a c t  m a le  n e o n a te  (s e e  R e s u l t s ,  S e c t io n
I I I ) .  I t  i s  p o s s i b l e  t h a t  t h e  dose o f  \ th e  a n t i e s t r o g e n  was 
n o t  s u f f i c i e n t  t o  com pete  w i t h  t h e  h ig h  l e v e l s  o f  endogenous  
E2 f o r  t h e  e s t r o g e n  r e c e p t o r .  U s in g  t h e / e q u a t i o n  d e s c r ib e d  
by M ayer and a s s o c i a t e s  ( 1 9 8 0 ) ,  we c a l c u l a t e d  t h e  l e v e l  o f
% x
• v
NFX i n  t h e  p la s m a  o f  t h e  i n t a c t  m a le  pup and compared i t  
w i t h  t h e  l e v e l  o f  endogenous E 2 .  The f o l l o w i n g  v a lu e s  w ere  
used: D = 670  u g /p u p /d a y ;  Vd = 200  u l  (B a k e r  e t  a l . ,  1 9 8 0 ) ;
Ke = 0 . 6 9 3  1440 w here  t  t  o f  NFX i s  2 4  h o u rs  ( C la r k  e t  ‘
a l . ,  1 9 7 8 ) .  B ecause  o f  t h e - d i f f i c u l t y  i n  s e c u r in g  -
i n f o r m a t i o n  on. t h e  r a t e  o f  a b s o r p t io n  o f  NFX, t h e  Ka used was 
t h e  Ka f o r  E2 assum ing t h a t  NFX i s  a b s o rb e d  a t  t h e  same r a t e  
a s  E 2 . Thus, Ka = 1 . 6 2  x 1 0 ~ ^ . /m in  (Emmens, 1 9 4 1 ) .  Thus,  
t h e  c o n c e n t r a t i o n  o f  NFX i n  t h e  p la s m a  o f  t h e  i n t a c t  m a le  
n e o n a te  i s  3 8 . 2  p g /m l w h ich  i s  o n ly  19% dV t h e  endogenous E2 
fo u n d  in  thev serum (Rhoda e t  a l . , 1 9 8 4 ) .  I t  i s  p o s s ib l .e  t h a t  
t h e r e  was n o t  enough a n t i  e s t r o g e n  .to  com pete  w i t h  t h e  
c i r c u l a t i n g  s t e r o i d s .  In  a d d i t i o n ,  i t  h a s  been r e p o r t e d  t h a t
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NFX h as  a  lo w e r  a t t i n i t y  (Kd =* 7  nM> ( R o c h e t o r t  e t  a l . ,  1972)
th a n  e s t r a d i o l  <Kd =  0 . 3 3  x 1 0 “^  mM) ( b ie b e r b u r g  e t ^ . a l . ,
* » *
1980b ) t o r  t h e  e s t r o g e n  r e c e p t o r .  T h u s , i t  w ou ld  a p p e a r  t h a t
i n  t h e  i n t a c t  m a le  n e o n a te ,  NFX h as  l i t t l e  ch a n ce  o t
- i n t e r a c t i n g  w i t h  t h e  e s t r o g e n  re c e p to r - .
N e v e r t h e le s s ,  o u r  o b s e r v a t io n  t h a t  NFX b lo c k e d  t h e
i m p r i n t i n g  e t t e c t  o t  E2 in  m a les  c a s t r a t e d  a t  b i r t h  i n d i c a t e s
t h a t  t h e  b in d in g  o t  E2 t o  i t s  r e c e p t o r  i n i t i a t e s  i m p r i n t i n g
o t  h e p a t i c  d ru g  and s t e r o i d  m e ta b o l is m  in  t h e  r a t .  The
s te i« J id —r e c e p t o r  com plex i s  th e n  t r a n s l o c a t e d  t o  t h e  n u c le u s
*> t
and b in d s  t o  t h e  DNA o t  s p e c i t i c  gen es  ( J o r d a n , - 1 9 8 4 ) .  T h is
>
i n t e r a c t i o n  l e a d s  t o  s p e c i t i c , t r a n s c r i p t i o n  o t  t h e s e  genes  
an d , t i n a l l y ,  t e r m i n a t i n g  i n  p r o t e i n  s y n t h e s i s .  S in c e  t h e  
h ig h e s t  c o n c e n t r a t i o n  o t  s o m a t o s t a t in —s e c r e t o r y  n e u ro n s  a r e  
to u n d  in  t h e  h y p o th a la m u s  (Epelbaum  e t  a l . ,  1977; Johansson
and H o k t e l t ,  1980; F i l b y  and G ro s s ,  1 9 8 3 ) ) ,  w h ich  a r e  t h e  
same r e g io n s  w here  t h e  E2—r e c e p t o r  i s  most ab u n d an t  (Zigmond  
and McEwen, 1970; G e n t r y  e t  a l . ,  1976; L ie b e r b u r g  and McEwen, 
1977; L ie b e r b u r g  e t  a l . ,  1 9 8 0 b ) ,  we b e l i e v e  t h a t  E2 i n c r e a s e s  
t h e ^ c a p a c i t y  o t  t h e  h y p o th a la m ic  s e c r e t o r y  n e u ro n s  t o  
s y n t h e s iz e  and ' r e le a s e  SS. We a l s o  p o s t u l a t e  t h a t  t h e  
i n t e r a c t i o n  o t  E2 w i t h  t h e  e s t r o g e n  r e c e p t o r  re d u c e s  t h e  
c a p a c i t y  o t  t h e  h y p o th a la m ic  n e u ro n s  t o  s y n t h e s iz e  and 
r e l e a s e  t h e  g ro w th  horm one—r e l e a s i n g  t a c t o r .  __SS t h a t  i s  
s y n th e s iz e d  and r e le a s e d  by t h e  h y p o th a la m ic  s e c r e t o r y
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n e u ro n s  th e n  b in d s  t o  SS—b in d in g  p r o t e i n s  fo u n d  i n  adenohyp o— 
p h y s e a l  c e l l s  (O^awa e t  a l . , 1 9 7 7 ) .  T h i s  i n t e r a c t i o n  
r e p o r t e d l y  l e a d  t o  d e c re a s e d  cAMP and in c r e a s e d  c G M P . le v e ls  
(Kaneko e t  a l . ,  1 97 3 , 1974; B o rg e a t  e t  a l . ,  1 9 7 4 ) ,  e v e n t u a l l y
i n h i b i t i n g  t h e  r e l e a s e  o f  GH. In  t h e  ab sen ce  o f  GH im p in g in g  
on tTie l i v e r ,  a m a le  t y p e  o f  h e p a t i c  d ru g  and s t e r o i d  
m e ta b o l is m  i s  o b s e rv e d .
I f  t h e  e s t r o g e n  r e c e p t o r  m e d ia te s  t h e  i m p r i n t i n g  e f f e c t  
o f  E2 , how c o u ld  an an d ro g en  l i k e  TP i m p r i n t  v i a  t h e  E 2 - '  
r e c e p t o r  a l s o .  In  f a c t ,  t h e  a c t i o n  o f  t e s t o s t e r o n e  i n  t h e  
c e n t r a l  n e rv o u s  system  o f  t h e  r a t  h as  been a m a t t e r  o f  
c o n t r o v e r s y  f o r  a lo n g  t im e .  R e p o r ts  on t h e  i n h i b i t o r y  
e f f e c t s  o f  an d ro g en  a n t a g o n is t s  such as  c y p r o t e r o n e  a c e t a t e  
<Arai and G o r s k i ,  19&8) and f l u t a m i d e  (G la d u e  and C lem ens ,  
1979) on th e  m a s c u l i n i z in g  e f f e c t s  o f  t e s t o s t e r o n e  on s e x u a l  
d i f f e r e n t i a t i o n  o f  t h e  b r a i n  i n d i c a t e  t h e  in v o lv e m e n t  o f  
and ro gen  r e c e p t o r s ,  in  t h e  a c t i o n s  o f  TP. L ie b e r b u r g  and 
c o -w o r k e r s  (1 9 8 0 a )  d e t e c t e d  lo w  c o n c e n t r a t i o n s  ( < 1 . 0  fm o l/m g  
p r o t e i n )  o f . t h e s e  r e c e p t o r s  in  t h e  c y t o s o l i c  f r a c t i o n s  o f  t h e  
h y p o th a la m u s —p r e o p t i c  a r e a -a m y g d a la -s e p tu m  r e g io n  o f  t h e  
b r a i n  d u r in g  t h e  l a s t  few  d ays  o f  f e t a l  l i f e .  The and ro gen  
r e c e p t o r s  re m a in  a t  low  l e v e l s  u n t i l  Day 7 p o s t - p a r t u m  when 
th e y  in c r e a s e  d r a m a t i c a l l y  t o  a b o u t  3 . 0  fm o l/m g  p r o t e i n .  
T h e r e a f t e r ,  t h e y  c o n t in u e  t o  i n c r e a s e  in  c o n c e n t r a t i o n  u n t i l  
. a d u l t h o o d  when peak l e v e l s  o f  5 . 5 . fm o l/m g  p r o t e i n  in  a d u l t
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fe m ^ Ie s  ( L ie b e r b u r g .  e t  a l . , l ? 8 0 a )  and 10 t o  14 -fmol/mg  
p r o t e i n  i n  a d u l t  m a les  a r e  r e a c h e d  (G u s ta fs s o n  e t  a l . ,
1 9 7 6 b ) .  T h e se  r e c e p t o r s  h a v e  Kd v a l u e s  o-f about*  l , x  1 0 ” ^ M  
(Gusta-fsson e t  a l . ,  1976b; Chamness e t  a l . , 1 9 7 9 ) .  H ow ever,  
t h e  r e l e v a n c e  o-f t h e  and ro gen  r e c e p t o r  in  t h e  n e o n a te  i s  
r e n d e re d  d o u b t f u l  by o u r  o b s e r v a t io n  t h a t  th e  a n t i  e s t r o g e n ,  
n a f o x i d i n e  (N F X ) , b lo c k e d  t h e  i m p r i n t i n g ,  by TP, o f  t h e  EM 
N -d e m e th y la s e  and t h e  DOC 5 O C -re d u c ta s e .  T h is '  o b s e r v a t io n  
i m p l i e s  t h a t  i t  i s  t h e  E 2 - r e c e p t o r  t h a t  m e d i a t e s ' t h e  
i m p r i n t i n g  e f f e c t  o f  TP i n  t h e  m a le  n e o n a te .
The in v o lv e m e n t  o f  t h e  e s t r o g e n  r e c e p t o r  i n  m e d ia t in g
t h e  m a s c u l i n i z in g  e f f e c t s  o f  t e s t o s t e r o n e  in  s e x u a l
-b e h a v io u r  i s  e x t e n s i v e l y  s t u d i e d .  The f i n d i n g  t h a t  e s tro g e n 's
a r e  more p o t e n t  th a n  a n d ro g en s  i n  c a u s in g  a n o v u la t o r y  
>
s t e r i l i t y  when i n j e c t e d  n e o n a t a l l y  t o  f e m a le  r a t s  ( G o r s k i ,  
1963; D o ughty  e t  a l . ,  1975) and t h a t  n e u r a l  t i s s u e  h as  t h e  
c a p a c i t y  t o  a r o m a t i z e  an d ro g e n s  t o  e s t r o g e n s  ( N a f t o l i n  e t  
a l . ,  1972; Reddy e t  a l . ,  197 4 ; W eisz  a n d -G ib b s ,  1974)  
su g g es ted  t h a t  t h e  d e f e m i n iz i n g  e f f e c t  o f  an d ro g en s  i s  
. e x e r t e d  th ro u g h  p r i o r  c o n v e r s io n  t o  e s t r o g e n s  by n e u ro e n d o ­
c r i n e  t i s s u e s .  S i m i l a r  o b s e r v a t io n s  have' been p u b l is h e d  i n  
s u p p o r t  o f  t h i s  a r o m a t i z a t i o n  h y p o t h e s is .  M cDonald and  
D oughty (1 9 7 ^ )  d e m o n s tra te d  t h a t  t h e  a n t i  e s t r o g e n ,  MER-25., 
a d m in is t e r e d  n e o n a t a l l y ,  b lo c k e d  t h e  s t e r i l i z i n g  e f f e c t b  o f  
n e o n a ta l  TP i n  a d u l t  f e m a le  r a t s .  In  a d d i t i o n ,  L ie b e r b u r g
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and c o - w o r k e r s  (1 9 7 7 b )  o b s e rv e d  th a ' t  1 , 4 , 6 - a n d r o s t a t r i e n e - 3 ,
1 7 - d io n e  (ATD) , an i n h i b i t o r  o-f a r o m a t i z a t i o n ,  a t t e n u a t e d  t h e
>
s t e r i l i z i n g  e f f e c t  o f  t e s t o s t e r o n e  on m a le  s e x u a l  b e h a v io u r  
i n  -fem ale , r a t s .  M o re o v e r ,  i t  was a l s o  d e m o n s tra te d  t h a t  t h e  
g r o w th -p r o m o t in g  a c t i v i t y  o f  t e s t i c u l a r  a n d ro g e n s  bn t h e  
s e x u a l l y - d i m o r p h i c  n u c le u s  o f  t h e  p r e o p t i c  a r e a  o f  t h e  r a t  
b r a i n  was i n h i b i t e d  by t a m o x i f e n ,  an e s t r o g e n  -a n ta g o n is t  
■(D o h le r  e t  a l . , 1 9 8 4 ) .  -T h is  r e s u l t e d  i n  a  p erm anent  
a n o v u la t o r y '  s t e r i l i t y  i n . t h e  f e m a le .  A r o m a t i z a t io n  i n  t h e  
h y p o th a la m u s  and l i m b i c  r e g io n s  o f  t h e  b r a i n  has  a l s o  been  
r e p o r t e d  in  t h e  r a b b i t  (V a n g a la  e t  a l . ,  1 9 7 3 ) ,  rh e s u s  monkey 
( F l o r e s  e t  a l . ,  1 9 7 3 ) ,  and human f e t u s e s  ( N a f t o l i n  e t  a l . ,  
1 9 7 1 ) .
j The abo ve  o b s e r v a t io n s  w ere  made l a r g e l y  i n  r e l a t i o n  t o  
t h e  p o s s i b l e  r o l e s  o f  e s t r o g e n s  on t h e  i n d u c t io n  o f  m a s c u l in e  
s e x u a l  b e h a v io u r  and a m a s c u l in e  p a t t e r n  o f  g o n a d o t r o p in  
s e c r e t i o n .  No e v id e n c e  has  been p r e s e n te d  t o  d a t e  on t h e  
p o s s i b i l i t y  t h a t  e s t ro g e n s ,-  b io t r a n s fo r r t ie d  f ro m  a n d ro g e n s ,  
a r e  in v o lv e d  i n  i m p r i n t i n g  h e p a t i c  d ru g  and s t e r o i d  
m e ta b o l is m  i n  t h e  r a t ' .  H ow ever, o u r  f i n d i n g  t h a t  t h e  E 2 -  
r e c e p t o r  a p p e a r s  t o  m e d ia te  t h e  i m p r i n t i n g  e f f e c t s  o f  TP 
s u p p o r ts  t h e  a r o m a t i z a t i o n  h y p o t h e s is .
The c h e m ic a l  r e a c t i o n s  in v o lv e d  i n  a r o m a t i z a t i o n  has  
been i n i t i a l l y  s t u d i e d  by Ryan (1 9 5 9 )  i n  human p l a c e n t a l  
m icro som es. S u b seq u en t w orks  h a v e  d e m o n s tra te d  a r o m a t i z a t i o n
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i n  human o v a r i a n ,  ’ t e s t i c u l a r , o r  a d r e n a l  t i s s u e .  W h i te  'and
a s s o c i a t e s  (1 9 7 8 )  d e s c r ib e  t h e  .sequence -for t h e  b i o l o g i c a l
c o n v e r s io n  o-f t e s t o s t e r o n e  t o  e s t r a d i o l  ( F ig u r e  1 0 ) .  The
o v e r a l l  a r o m a t i z a t i o n  i n v o l v e s  t h r e e  e n z y m ic  h y d r o x y l a t i o n s
i n  t h e  p re s e n c e  o-f t h r e e  m o le c u le s  each  o-f 0g and NADPH p e r
m o le c u le  o-f e s t r a d i o H  -form ed. The - f i r s t  tw o h y d r o x y la t  i  ons
o c c u r  a t  t h e  C -1 9  m e th y l  g roup  o-f t e s t o s t e r o n e  t o  -form 1 9 -
h y d r o x y s t e r o id  and t h e  1 9 -a ld e h y d e  m o ie ty  s u c c e s s iv e ly .  The
•f^nal r e a c t i o n  i n v o l v e s  h y d r o x y l a t i o n  a t  C - 2  and t h i s  i s
•*
c o n s id e r e d  t o  be t h e  r a t e - d e t e r m i n i n g  h y d r o x y l a t i o n  in  t h e  
a r o m a t i z a t i o n  p r o c e s s .  The p r o d u c t  fo rm e d  r a p i d l y  and non— 
e n z y m i c a l l y  c o n v e r t s  t o  an e s t r o g e n  w i t h  a p h e n o l ic  h y d ro x y l  
a t  t h e  C -3  p o s i t i o n .
The h ig h e s t  l e v e l s  o f  a ro m a ta s e  a c t i v i t y  a r e  fo u n d  i n  
t h e  h y p o th a la m u s  and t h e  l i m b i c  r e g io n  o f  t h e  b r a i n  / i . e . ,  in  
t h e  p r e o p t i c  a r e a  and t h e  am yg d a la )  (W e isz  and G ib b s ,  1974 ;  
N a f t o l i n  e t  a l . , 1977 ; Rosel 1 i  and R esko , 1 9 8 4 ) ,  the^sam e  
r e g io n s  o f  t h e  b r a i n  w here  t h e  e s t r o g e n  r e c e p t o r s  a r e  most  
a b u n d a n t .  These a ro m a ta s e s  f i r s t  a p p e a r  a f t e r  Day 14 o f  
g e s t a t i o n  and m axim al a c t i v i t y  i n  t h e  h y p o th a la m u s  o c c u rs ,  a t
l e a s t  two d ay s  b e f o r e  b i r t h  (G eo rg e  and O je d a ,  1 9 8 2 ) .  T h i s
■>
i s  f o l lo w e d  by a r a p i d  d e c l i n e  i n  a c t i v i t y  d u r in g  t h e  f i r s t  4 
-d a y s  p o s t - p a r t u m ,  a f t e r  w hich  t h e  a ro m a ta s e  a c t i v i t y  d e c l i n e s  
more g r a d u a l l y .  By Day 2 0  o f  l i f e ,  no a c t i v i t y  i s  
d e t e c t a b l e .
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G eorge  and O j e d a ' (1 9 8 2 )  d e m o n s tra te d  t h a t  when C l , ? ,'6 , 7 — ' 
3 H I t e s t o s t e r o n e  was used a s  t h e  s u b s t r a t e ,  1 7 6 - e s t r a d i o l  
was t h e  p r i n c i p a l  m e t a b o l i t e  ( 0 . 1 6  p m o l /h r /m g  p r o t e i n )  and  
when C l , 2 , 6 , 7 —3 H D a n d ro s te n e d io n e  was u s e d , t h e  m e t a b o l i t e  
was e s t r o n e  ( 0 . 1 0  p m o l /h r /m g  p r o t e i n ) .  The  a p p a r e n t  Km o-f 
t h e  enzyme -far  t e s t o s t e r o n e  was e s t im a t e d  t o  be 0 . 0 2 7  uM.
S in c e  serum  and ro gen  l e v e l s  i n  t h e  m a le  n e o n a te  on t h e  - f i r s t  
•four d ay s  o-f l i - f e  a r e  h i g h e r  th a n  th o s e  o-f a n d r o s te n e d io n e  
(G eorge and O je d a ,  1 9 8 2 ) ,  t e s t o s t e r o n e  a p p e a rs  t o  be  t h e  
p re d o m in a n t  s u b s t r a t e  -for a r o m a t i z a t i o n  i n  t h e  n e o n a t a l  
p e r i o d .
I-f T i s  a r o m a t iz e d  t o  E2 w h ic h  i n t e r a c t s  w i t h  t h e
e s t r o g e n  r e c e p t o r ,  one m ig h t  e x p e c t  t h a t  t h e r e  w ould  be h ig h
l e v e l s  o-f T c i r c u l a t i n g  d u r in g  e a r l y  n e o n a t a l  l i - f e  t o  s e r v e
as  s u b s t r a t e  -far  t h e  b r a i n  a r o m a ta s e s .  In d e e d ,  b o th  t h e
serum ( f ro m  1175 p g /m l t o  3 4 5 3  p g /m l)  a n d 'h y p o th a la m ic  ( f ro m
1028 p g /g  t o  3 9 4 7  p g /g )  l e v e l s  o f  T in c r e a s e  b e tw een  b i r t h
and 2 —h o u rs  p o s t - p a r t u m  (C o rp e c h o t  e t  a l . ,  198 1 ;  Rhoda e t
. a l . ,  1 9 8 4 ) .  These  l e v e l s  r e p r e s e n t  t h e  amount .o f  endogenous
T t h a t  i s  in v o lv e d  i n  i m p r i n t i n g  t h e  enzym es i n  t h e  i n t a c t
m a le  n e o n a te .  Upon c a s t r a t i o n ,  t h e  pup i s  d e p r iv e d  o f  most
endogenous T and we h a v e  d e m o n s tra te d  t h a t  0 . 7 3  u m o le /p u p  o f
TP m im ics  t h e  i m p r i n t i n g  e f f e c t  o f  t h e  endogenous s t e r o i d .
By a p p ly in g  t h e  e q u a t io n  g iv e n  above  (M ayer e t  a l . ,  1 9 8 0 ) ,
«
we c o u ld  com pare t h e  p lasm a l e v e l s  o f  endogenous T w i t h  t h e
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l e v e l s  o-f exo g en o u s  TP i n  t h e  c a s t r a t e s .   ̂ The  f o l l o w i n g  
v a lu e s  w ere  u s e d :  D = 2 5 0  u g /p u p /d a y ;  Vd = 200  u l  (B a k e r  e t ~ ' . *  
a l . ,  1 9 8 0 ) ;  Ka = 5  x 10 /ra in  (Emraens, 1 9 4 1 ) ;  Ke »  0 .6 9 3 4 -  
15 w here  t  }  o f  TP = 15 min (M urad and H aynes , 1 9 8 0 ) .  T h u s ,  
t h e  amount o-f TP t h a t  c i r c u l a t e s  i n  t h e  serum  o-f t h e  m a le  
** c a fe t r a te d  a t  b i r t h  (4 7 2  p g /m l)  was o n ly  13 .7%  o-f t h e  l e v e l
o-f endogenous T i n  t h e  i n t a c t  m a le  (3 4 5 3  p g /m l)  (Rhoda e t  
a l  ^ , 1 9 8 4 ) .  I t  w ould  a p p e a r ,  t h e r e - f o r e ,  t h a t  t h e  dose o-f
exogenous TP t h a t  i m p r i n t s  t h e  h y p o th a la m u s  r e s u l t s  i n  
" h y p a p h y s io la g ic "  p lasm a c a n c e n t r a t i o n s  o-f t h e  s t e r o i d .
' T h i s  may e x p l a i n  t h e  i n a b i l i t y  o-f NFX t o  b lo c k  t h e  i m p r i n t i n g  
o f  h e p a t i c  d ru g  and s t e r o i d  m e ta b o l is m  in  t h e  i n t a c t  m a le .
The p lasm a  l e v e l  o f  NFX, w h ich  i s  c a l c u l a t e d  e a r l i e r  t o  be  
3 8 . 2  p g /m l ,  i s  o n ly  1.1% o f  t h e  l e v e l  o f  endogenous T i n  t h e  
serum o f  t h e  i n t a c t  m ale  pup . T h u s , i t  may be t h a t  t h e  dose  
o f  t h e  a n t i e s t r o g e n  a d m in is t e r e d  was i n s u f f i c i e n t  t o  com pete  
w i t h  t h e  s t e r o i d  f o r  t h e  e s t r o g e n  r e c e p t o r .
. I f  T i s  a r o m a t iz e d  t o  E2 i n o r d e r  t o  b in d  t o  t h e  e s t r o g e n  
r e c e p t o r  i n  t h e  h y p o th a la m u s ,  th e n  t h e  c h a in  o f  e v e n t s  t h a t  
o c c u r  a f t e r  t h e  s t e r o i d —r e c e p t o r  i n t e r a c t i o n  w ould  be  
i d e n t i c a l  t o  t h e  one d e s c r ib e d  e a r l i e r .  A f t e r  t h e  i n i t i a l
a
i n t e r a c t i o n ,  t h e  s t e r o i d - r e c e p t o r  com plex i s  t r a n s l o c a t e d  t o  
t h e  n u c le u s  and b in d s  t o  t h e  DNA. The gen es  a r e  th e n
t
t r a n s c r i b e d  and t r a n s l a t e d  i n t o  s p e c i f i c  p r o t e i n s ,  one o f  
w hich  may p r o b a b ly  be s o m a t o s t a t in .  In  a d d i t i o n ,  i m p r i n t i n g
Ni
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may p o s s ib ly  re d u c e  t h e  c a p a c i t y  o-f t h e  n eu ro n s  to- s y n t h e s iz e  
and r e l e a s e  GRF. The  r e l e a s e  o-f GH -from t h e  p i t u i t a r y  i s ,  
t h u s ,  i n h i b i t e d  and t h e  e n d - p o in t  i s  a m a s c u l in iz e d  p a t t e r n  
o-f h e p a t i c  d ru g  and . s t e r o id  m e ta b o l is m .
F i n a l l y ,  t h e  in v o lv e m e n t  o-f t h e  e s t r o g e n  r e c e p t o r  in  t h e
■ ' > !
i m p r i n t i n g  e -f-fec t o-f DHT may be exam ined by u s in g  t h e  
e x p la n a t i o n  a p p l i e d  -for E2 ( i . e . ,  a d i r e c t  b in d in g  t o  t h e  
r e c e p t o r )  as  w e l l  a s  -for TP ( i . e . ,  a p o s s i b l e  a r o m a t i z a t i o n  
o-f TP t o  E2 w h ich  b in d s  t o  t h e  r e c e p t o r )  . These tw o  
p o s s i b i l i t i e s  w i l l  be c o n s id e r e d  " in  d is c u s s in g  a p o s s ib le  
manner by w h ich  DHT i n t e r a c t s  w i t h  t h e  e s t r o g e n  r e c e p t o r
i
in  o r d e r  t o  i m p r i n t  t h e  tw o enzym es.
The b i o s y n t h e s is  o-f DHT -from t e s t o s t e r o n e  in  t h e  c e n t r a l
i
^ n e rv o u s  sys te m  i s  due t o  t h e  presence- o-f t h e  5 0 C - r e d u c t a s e  in  
v a r i o u s  r e g io n s  o-f t h e  b r a i n  and p i t u i t a r y  (Dene-f e t  a l  . , 
1 9 7 3 ) .  The h ig h e s t  r a t e s  o-f 5 t t - r e d u c t i o n  a r e  o b s e rv e d  in  
t h e  l a t e r a l  p r e o p t i c  and l a t e r a l  h y p o th a la m ic  n u c le i  
(Selmano-f-f e t  a l . , 197 7 ) and i n .  t h e  p i t u i t a r y  ( L ie b e r b u r g  and
McEwen, 1 9 7 7 ) .  R e c e n t  r e p o r t s  have  i n d i c a t e d  t h e  p re s e n c e  o f  
h ig h  a f f i n i t y ,  low  c a p a c i t y  D H T -b in d in g  p r o t e i n s  in  c y t o s o l i c  
f r a c t i o n s  p r e p a re d  fro m  t h e  b r a i n  and t h e  p i t u i t a r y  o f  t h e  
m ale  r a t  (K a to  and O n o u c h i,  1 9 7 3 a , b; B a r l e y  e t  a l . ,  1 9 7 5 ) .
These r e c e p t o r s  have  an a p p a r e n t  Kd o f  a b o u t  7 . 4  x 10"10 M 
and a r e  h i g h l y - s p e c i f i c  f o r  DHT. The e x i s t e n c e  o f  DHT-  
r e g e p t a r s  has a l s o  been d e m o n s tra te d  in  t h e  n u c le a r  f r a c t i o n s
f
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V
o-f t h e  p i t u i t a r y  and b r a i n  o-f a d u l t  m a le  r a t s  ( L ie b e r b u r g  e t
a l . ,  1 9 7 7 a ) .  In  a d d i t i o n ,  DHT a l s o  b in d s  t o  d i f f e r e n t
a n d ro g e n  r e c e p t o r s  w h ic h  e x h i b i t  an e q u a l  a f f i n i t y  f o r  TP
(G u s ta fs s o n  e t  a l . ,  1976b ; Chamness e t  a l . ,  1 9 7 9 ) .
The p o t e n t i a l  r o l e  o f  t h e s e  D H T - r e c e p t o r s  i n  t h e
i m p r i n t i n g  p r o c e s s  i s  n o t  s u p p o r te d  by o u r  f i n d i n g  t h a t  NFX
b lo c k s  t h e  i m p r i n t i n g  e f f e c t  o f  DHT. T h i s  i m p l i e s  t h a t  t h e
e s t r o g e n  r e c e p t o r  m e d ia te s  t h e  a c t i o n  o f  DHT on h e p a t i c  d rug  
✓
and s t e r o i d  m e ta b o l is m .  B ecause  o f  th e .  s a t u r a t i o n  o f  t h e  A -  
r i n g ,  50C-DHT c a n n o t  go th ro u g h  t h e  a r o m a t i z a t i o n  - r e a c t i o n .  
W en ig er  and Z e is  < 1 9 8 2 ) ,  h o w e v e r ,  r e p o r t e d  on t h e  c o n v e r s io n  
o f  DHT t o  e s t r a d i o l  and e s t r o n e  by t h e  o v a ry  o f  t h e  c h ic k  
em bryo . B ecause o f  t h e  lo w  y i e l d  and t h e  low  c o n v e r s io n  r a t e  
(7 0 —f o l d  l e s s  th a n  t h a t  o f  t e s t o s t e r o n e ) , t h e  i n v e s t i g a t o r s  
b e l i e v e  t h a t  i t  h as  y e t  t o  be d e te r m in e d  w h e th e r  o r  n o t  t h e  
same enzyme sys tem  i s  r e s p o n s i b le  f o r  t h e  c o n v e r s io n  o f  TP 
and DHT t o  e s t r o g e n s .  T h u s , one c o u ld  o n ly  s p e c u l a t e  on t h e
i
s i g n i f i c a n c e  o f  t h i s  f i n d i n g .
I f  DHT*s c o n v e r s io n  t o  an e s t r o g e n  does n o t  o c c u r  and
t h u s  can n o t  e x p l a i n  t h e  i m p r i n t i n g  e f f e c t  o f  DHT, th e n
) . y
a n o th e r  p o s s i b i l i t y  may be t h a t '  i t  d i r e c t l y  b in d s  t o  t h e  
e s t r o g e n  r e c e p t o r .  D i h y d r o t e s t o s t e r o n e  h as  shown t o  be  
u t e r o t r o p h i c  i n  t h e  r a t  a t  h ig h  doses 0 0 . 4  m g / r a t  as  a  
s i n g l e  sc  i n j e c t i o n )  ( R o c h e fo r t  e t  a l . ,  197 2 ; R o c h e f o r t  and 
G a r c ia ,  1976; G a r c ia  and R o c h e f o r t ,  1 9 7 9 ) .  I t  was
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s
d e m o n s tra te d  by R o c h e f o r t  and G a r c ia  (1 9 7 6 )  t h a t  DHT was
a b l e  t o  b in d  t o  t h e  e s t r o g e n  r e c e p t o r  and t r a n s l o c a t e  i t  t o
t h e  n u c le u s  b o th  i n  v i t r o  and i n  v i v o .  Doses l e s s  th a n  0 . 4  
*
mg p e r  r a t  w ere  i n e f f i c i e n t  in  c a u s in g  an in c r e a s e  in. 
u t e r i n e  w e ig h t  and o p t im a l  n u c le a r  t r a n s l o c a t i o n  was o b t a in e d
i T.
w i t h  15 mg o f  DHT. T h i s  dose r e q u i r e m e n t  f o r  t h e  b in d in g  o f  
DHT t o  t h e  e s t r o g e n  r e c e p t o r Ni s  due t o  th e  low  a f f i n i t y  o f  
t h e  s t e r o i d ’ '-For' t h e  E 2 - r e c e p t o r  (Kd = 17 nM) (W atson e t  a l . ,
y  '
1 9 7 7 ) .
V
Thu s, i t  i s  p o s s ib le  t h a t  t h e  e s t r o g e n  r e c e p t o r  i n  t h e  
h y p o th a la m u s  o f  t h e  m a le  n e o n a te  w i l l  b in d  DHT a t  h ig h  l e v e l s  
o f  c i r c u l a t i n g  sex s t e r o i d .  C o rp e c h o t  and c o - w o r k e r s  (1 9 8 1 )  
d e t e c t e d  m e a s u ra b le  l e v e l s  o f  D H T ' in  t h e  p lasm a  o f  m a le  pups  
a t  b i r t h .  T h i s  p r o b a b ly  r e f l e c t s  t h e  h ig h  r a t e  a t  w h ic h  T i s  
m e t a b o l i z e d ' t o  DHT in  t h e  r a t  v e n t r a l  p r o s t a t e  ( T v e t e r  and 
A akvaag , 1970) a s  e v id e n c e d  by  h ig h  l e v e l s  o f  DHT i n  t h i s  
Csrgan a t  b i r t h  (C o rp e c h o t  e t  a l . ,  1 9 8 1 ) .  In  a d d i t i o n ,  DHT 
may .a ls o  come fro m  t h e  5 0 C - r e d u c t io n  o f  T in  t h e  a n t e r i o r
t h e  r a t e  o f  w h ich  i s  h ig h  a t  b i r t h  and d e c re a s e s  
y n t i l  t h e  2 8 t h  day o f  l i f e  (D ene f e t  a l . ,  197 4 ;  Massa and  
t f a r t i n ,  1 9 7 5 ) .  DHT l e v e l s  in  t h e  p lasm a in c r e a s e  f ro m  b i r t h  
and r e a c h  a peak  by t h e  7 t h  week o f  l i f e  a f t e r  w h ich  t h e y  
d e c re a s e  t o  a p l a t e a u  m a in ta in e d  th r o u g h o u t  t h e  r e s t  o f  
\ a d u l t  l i f e  (C o rp e c h o t  e t  a l . ,  1 9 8 1 ) .
U s in g  t h e  e q u a t io n  d e s c r ib e d  by M ayer and a s s o c i a t e s
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( 1 9 8 0 ) ,  we can com pare t h e  p la s m a  l e v e l  o-f exogenous DHT i n  . 
t h e  m a le  c a s t r a t e d  a t  b i r t h  w i t h  t h e  p h y s io lo g i c  
c o n c e n t r a t i o n  o-f DHT in' t h e  i n t a c t  m a le .  'B e c a u s e  o-f t h e  -_ 
^ i f f i c u l t y  i n  s e c u r in g  t h e  needed i n f o r m a t i o n  a b o u t  DHT, t h e  
Ka and t h e  t i "  used w ere  t h o s e  o f  TP assum ing t h a t  b o th  
.androgens  e x h i b i t  r e l a t i v e l y  s i m i l a r  a b s o r p t io n  k i n e t i c s .  
Thu s, t h e  f o l l o w i n g  v a l u e s  w ere  used: D = 288  u g /p u p /d a y ;  Vd 
= 200  u l. (B ake r  e t  a l . , 1 9 8 0 ) ;  Ka = 5 x . 1 0 - ^ /m in  (Emmens, 
1941,);  Ke = 0 . 6 9 3  -r IS  w h ere  t  z o f  DHT i s  assumed t o  be 15 
min (Murad and H aynes , 1 9 8 0 ) .  'T h u s ,  t h e  amount o f  DHT 
p r e s e n t  i n * t h e  c i r c u l a t i o n  o f  t h e  n e o n a t a l  c a s t r a t e  (5 4 4  p g /  
m l) was 1. 6- f o l d  h ig h e r  th a n  t h e  l e v e l  in  t h e  i n t a c t  m ale  
(3 4 0  p g /m l )  (C o rp e c h o t  e t  a l . ,  1 9 8 1 ) .  In  o t h e r  w ords , t h e
dose, o f  DHT t h a t  we used t o  i m p r i n t  t h e  m ic ro so m al enzymes  
w^s " h y p e r p h y s i o l o g i c " r e l a t i v e  t o  t h e  endogenous l e v e l s  o f  
th e  s t e r o i d .  I t  i s ' p o s s i b l e  t h a t  t h e  dose o f  exogenous DHT 
was h ig h , enough t o  b in d  t o  t h e  E 2 - r e c e p t o r  t h e  way i t  does  
”^in t h e  u t e r u s  o f  t h e  im m a tu re  r a t  (R o c h e fo r t  and G a r c ia ,  
1 9 7 6 ) .
I f  DHT b in d ^  t o  th a ^ te s tro g e n  r e c e p t o r  i n  t h e  
h y p o th a la m u s  o f  t h e  malle n e o n a te ,  th e n  t h e  s e r i e s  o f  e v e n ts  
t h a t  t a k e  p l a c e  a f t e r  t h e v- i n i t i a l  b in d in g  o f  t h e  s t e r o i d  t o  
t h e  r e c e p t o r  s h o u ld  f o l l o w  t h e  “m odel"  p r e s e n te d  e a r l i e r .
V  o .
A f t e r  t h e  s t e r o i d - r e c e p t o r  i n t e r a c t i o n ,  t h e  com plex i s  
- t ra n s rD c -a te d  t o  t h e  n u c le u s  and b in d s  t o  t h e  DNA. T h is  i s
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■fo llowed by t r a n s c r i p t i o n  and t r a n s l a t i o n  o-f t h e  genes  i n t o  
s p e c i f i c  p r o t e i n s : ' ■ We b e l i e v e  t h a t  i m p r i n t i n g  s t i m u l a t e s
t h e  s e c r e t o r y  n e u ro n s  i n  t h e  h y p o th a la m u s  t o  s y n t h e s iz e  and •//
R e le a s e  SS; on t h e  o t h e r  han d , i m p r i n t i n g  p r o b a b ly  i n h i b i t s  
t h e  s y n t h e s is  and r e l e a s e  o-f GRP. E v e n t u a l l y ,  G H - r e le a s e  
fro m  t h e  p i t u i t a r y  i s  i n h i b i t e d  l e a d i n g  t o  a m a le - t y p e  o-f 
h e p a t i c  d rug  and s t e r o i d  m e ta b o l is m .
-Thus,' t h e  i m p r i n t i n g ,  by TP, E2 , and DHT, o-f h e p a t i c  
drug  and s t e r o i d  m e ta b o l is m  in  t h e  r a t  i s  a - fu n c t io n  o-f a 
^ c h a in  o'T- e v e n t s  t h a t  o c c u r  a lo n g  t h e  h y p o th a la m o -p i  t u i  t a r y -
• »
l i v e r  a x i s .  The ' i n t e r a c t i o n  o-f t h e  sex s t e r o i d s  w i t h  t h e  
e s t r o g e n  r e c e p t o r  i n  t h e  h y p o th a la m u s  d u r in g  e a r l y  n e o n a ta l  
l i f e  a p p e a rs  t o  i n i t i a t e  t h e  s u b s e q u e n t  s t e p s  t h a t  make up 
' t h e  i m p r i n t i n g  p ro c e s s . .  A l th o u g h  a l o t  o-f room i s  s t i l l  
open -for - f u r t h e r  i n q u i r y ,  i t  i s  im p o r t a n t  t o  n o te  t h a t  t h e r e  
seems t o  be o n l y  one c o n t r o l  mechanism -for t h e  m e ta b o l is m  o-f 
b o th  d ru g s  and s t e r o i d s  i n  t h e  r a t  l i v e r .
\
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SUMMARY AND CONCLUSION
' 1 '  Our -s tu d y  shows t h a t  th e '  m e ta b o l is m  o-f e t h y l  m o rp h in e
(EM) and d e o x y c o r t i c o s t e r o n e  (DOC) d i f f e r  b e tw een  t h e  
s e x e s .  The EM N—d e m e th y la s p  f ro m  m a le  r a t s  has a 
'j l a r g e r  Vmax and a s m a l le r  a p p a r e n t  Km th a n  t h e  enzyme  
fro m  t h e  f e m a le .  Thus, t h e  m a le  r a t  m e t a b o l i z e s  t h e  
d ru g  s u b s t r a t e  f a s t e r  th a n  t h e  f e m a le  r a t .  On t h e  o t h e r  
hand, t h e  DOC 5G C-reductase f ro m  f e m a le  r a t s  has  a l a r g e r  
Vmax and a s m a l l  a p p a r e n t  Km th a n  t h e  enzyme fro m  t h e  
m a le . T h u s , t h e  f e m a le  m e t a b o l i z e s  t h e  s t e r o i d  f a s t e r  
t h a n  t h e  m a le .
2 .  The cau se  o f  t h e  sex d i f f e r e n c e s  in  t h e  r a t e s  o f  d ru g
* \
and s t e r o i d  m e ta b o l is m  a p p e a rs  t o « b e  a s s o c ia t e d  w i t h  t h e  
p re s e n c e  o f  t h e  t e s t e s  in  t h e  n e o n a t a l  p e r io d s  T h is
• a
i m p r i n t i n g  e f f e c t  o f  t h e  t e s t e s  may be d e f in e d  by two  
p a r a m e te r s  (a )  a p erm an en t " m a s c u l i n i z a t i o n "  o f  t h e  
b a s a l  a c t i v i t y  o f  t h e  tw o enzymes and (b) an in c r e a s e d  
r e s p o n s iv e n e s s  o f  t h e  enzymies t o  t e s t o s t r o n e  in  t h e  
a d u l t .
3 .  We h ave  fo u n d  t h a t  t h r e e  sex s t e r o i d s  — TP, E2 , and DHT 
-  i m p r i n t  t h e  Vmax and t h e  a p p a r e n t  Km o f  b o th  t h e  EM
- 126-




N -d e m e th y 1a s s  and t h e  DOC 5 0 5 - r e d u c t a s e  i n  m ales  
c a s t r a t e d  a s  n e o n a te s .
4 .  The  t h r e e  sex s t e r o i d s  e x h i b i t  dose e - f - fe c ts  on t h e  
k i n e t i c  p a r a m e te r s  o-f t h e  two enzym es. The lo w e s t  dose
t
■for i m p r i n t i n g  t h e  a p p a r e n t  Km and t h e  Vmax o-f t h e  EM
N -d e m e th y la s e  l i e s - b e t w e e n  0 . 3 7  and 0 . 7 3  um o le .  The  
\  _ '
Vmax o-f t h e  DOC 505 r r e d u c t a s e  i.s i m p r i n t e d  by TP, E2 ,
. and DHT a t  a d o s e  b e tw een  0 . 3 7  and 0 . 7 3  um ole a l s o .  The
a p p a r e n t  Km o-f t h e  enzym e, on t h e  o t h e r  han d , i s
im p r in t e d  by TP and DHT a t  a dose l e s s  th a n  0 . 3 7  um ole ;
E2 i m p r i n t s  t h e  k i n e t i c  p a r a m e te r  a t  a  dose betw een  0 . 3 7
0 . 7 3  um ole .
N
5 .  S in c e  a l l  t h r e e  sex s t e r o i d s  i m p r i n t  t h e  tw o  enzymes, 
i t  a p p e a rs  as  th ough  t h e r e  e x i s t s  one c o n t r o l  mechanism
•for h e p a t i c  d ru g  and s t e r o i d  m e ta b o l is m  in  t h e  r a t .
\
6 . The s i t e  -for t h e  c o n t r o l  o-f i m p r i n t i n g  a p p e a rs  to  l i e  in  
t h e  h y p o th a la m u s . T h i s  i s  based on t h e  r e p o r t  by 
G usta-fsson and co—w o rk e rs  (1 9 7 6 a ) ’ t h a t  e l e c t r o t h e r m a l  
l e s i o n s  in  t h e  r a t  - fe m in iz e d  h e p a t i c  s t e r o i d  m e ta b o l is m .
7 .  The e s t r o g e n  r e c e p t o r  b lo c k in g  a g e n t ,  n a - fc x id in e  (NFX) ,
J
b lo c k s  t h e  i m p r i n t i n g  e -f- fec ts  o-f TP, E 2 , and DHT on t h e
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tw o  enzym es . T h i s  i n d i c a t e s  t h a t  . th e  e s t r o g e n  r e c e p t o r  
i n  t h e  h y p o th a la m u s  jof t h e  m a le  pup m e d ia te s  t h e  
i m p r i n t i n g ,  by sex  s t e r o i d s ,  o-f h e p a t i c  d ru g  and s t e r o i d  
m e ta b o l is m .
8 . The b i n d i n g  o-f- E2 t o  i t s  r e c e p t o r  i s  w e l l  docum ented in  
l i t e r a t u r e .  TP may p r o b a b ly  be a r o m a t iz e d  t o  E2 w hich  . 
b in d s  t o  t h e  e s t r o g e n  r e c e p t o r .  DHT, a t  h ig h  d o ses ,  
c o u ld  p o s s i b l y  o c c u p y ’ t h e  e s t r o g e n  r e c e p t o r  i n  much th e
' same way i t  does i n  t h e  u t e r u s  o f  ^ h e  im m a tu re  r a t  
( R o c h e fo r t  and G a r c ia ,  1 9 7 6 ) .
*
9 .  The i n t e r a c t i o n  o f  E2 ( i n c l u d i n g  t h e  E2 t h a t  may be 
i fo rm e d  f ro m  TP) and DHT w i t h  t h e  e s t r o g e n  r e c e p t o r
p r o b a b ly  in d u c e  t h e  h y p o th a la m ic  s e c r e t o r y  n e u ro n s  t o  
s y n t h e s i z e  and r e l e a s e  s o m a t o s t a t in  ( S S ) . We a ls o  
p o s t u l a t e  t h a t  i m p r i n t i n g  i n h i b i t s  t h e  s y n t h e s is  and 
r e l e a s e  fro m  t h e  h y p o th a la m u s  g f  t h e  g ro w th  horman  
r e l e a s i n g  f a c t o r .  The i n t e r a c t i o n  o f  SS w i t h  b in d  
p r o t e i n s  in  t h e  p i t u i t a r y  i n h i b i t s  t h e  r e l e a s e  o f  
g ro w th  hormone (GH) w h ic h  i s  b e l i e v e d  t o  be t h e  
" f e m i n i z i n g  f a c t o r "  i n  t h e  m ale  r a t .  Thus, t h e  end 
r e s u l t  i s  a m a s c u l in e  t y p e  o f  h e p a t i c  d ru g  and s t e r o i d  
m e ta b o l is m .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
1 0 . Thu s , i m p r i n t i n g ,  by TP , E 2 ,  and DHT, o-f h e p a t i c
m e ta b o l is m  i n  t h e  r a t  i s  b r o u g h t  a b o u t  by a  c h a in  o-f
e v e n ts  t h a t  o c c u r  a lo n g  t h e  h y p o t h a l a m o - p i t u i t a r y - l i
a x i s  d u r in g  t h e  e a r l y  n e o n a t a l  p e r i o d .
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APPENDIX A
( i )  C h e m ic a ls  and S u p p l i e r s .
A c e t i c  a c id  ( g l a c i a l )  — Eastman Kodak
A c e t y la c e t o n e  -  F i s h e r  ^
Ammonium a c e t a t e  -  F i s h e r
B ariu m  h y d r o x id e  — F i s h e r
C u p r ic  s u l p h a t e - 5 - h y d r a t e  -* F is h e r
1 1 - D e o x y c o r t i c o s t e r o n e  -  Sigma
D ie h lo ro m e th a n fe  (m e th y le n e  c h l o r i d e )  -  F i s h e r
50C - d i h y d r o t e s t o s t e r o n e
( 5 0 C - a n d r o s ta n —1 7 B - o l - 3 —one b e n z o a te )  -  Sigma
1 7 B - e s t r a d i o l L
( e s t a t r i e n —3 , 17B—d i o l ) -  Sigm a
E th a n o l  -  F i s h e r
E t h e r  ( f o r  a n a e s t h e s i a )  -  J . T .  B a k e r  
' E th y lm o r p h in e  h y d r o c h l o r id e  — BDH C h e m ic a ls  
F l e x i b l e  c o l l o d i o n  -  F is h e r  
G1ucose—6—p h o s p h a te  — Sigma  
G lu c o s e -6- p h o s p h a te  d eh y d ro g e n a s e  — Sigm a  
H e p ta n e  -  F i s h e r
H e x o b ^ r b i t a l  -  May and B aker L o t  L I  
H y d r o c h l o r ic  a c i d  -  F is h e r
4
Magnesium c h l o r i d e  -  J . T .  B a ker  
M e th a n o l -  F i s h e r  
NADP -  Sigma
-130-
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N a f o x i d i n e
l - < 2 - C p - ( 3 , 4 - d i h y d r o - 6 - m e t h o x y - 2 - - p h e n y l - l - n a p h t h y l ) 
phenoxyO e t h y l >— p y r r o l i d i n e ,  h y d r o c h l o r i d e  -  Sigma
Phenol  -  F i s h e r
P o ta s s iu m  c h l o r i d e  -  J . T . '  B a ker
P r o p y l e n e  g l y c o l  -  J . .T .  B aker
S e m i c a r b i c i d e  -  F i s h e r
Sodium b i c a r b o n a t e  -  F i s h e r
Sodium c h l o r i d e  -  F i s h e r
Sodium h y d r o x i d e  -  F i s h e r
Sodium p h o s p h a te  (m o nobas ic )  -  F i s h e r
Sodium p h o s p h a te  ( d i b a s i c )  -  F i s h e r
Sodium t a r t r a t e  -  F i s h e r
T e s t o s t e r o n e  p r o p i o n a t e
( A  —a n d r o s t e n e —1 7 B j p r o p i o n a t e - 3 - o n e )  -  Sigma
T r i s  ( h y d r o x y m e t h y l ) ami nomethane -  Sigma
Z in c  s u l p h a t e  -  F i s h e r
( i i )  S u p p l i e r s ’ a d d r e s s e s
-9DH C h e m ic a ls  -  3DH C h e m ic a ls ,  T o r o n t o ,  O n t a r i o ,  Canada
Eastman Kodak -  Eastman Kodak Co-., R o c h e s t e r ,  New York
F i s h e r  — F i 's h er  S c i e n t i f i c  Cp. , M o n t r e a l ,  Canada
J . T .  Baker  -  J . T .  B a k e r  Chem ica l  C o . ,  Ph i  1 1 i p s b u r g , New 
J e r s e y
Sigma -  Sigma C h em ica l  C o . ,  S t .  Lcui-s ,  M i s s o u r i
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APPENDIX B
(1 )  P r e p a r a t i o n  o-f B u f f e r s
/
(a )  5 0  mM T r i s - H C L  (pH 7 . 4 )  ; 5 0 0  ml o t  . 0 *2  M
s o l u t i o n  o f  T r i s  ( h y d r o x y m e t h y l ) am inam ethane  ( 2 4 . 2g i n  1000
ml o f  d i s t i l l e d  w a t e r )  and 414  ml o f  0 . 2  M HC1 ( 1 7 . 2 5  ml 
i n  1000 ml o f  d i s t i l l e d  w a t e r ) ,  d i l u t e d  t o  a t o t a l  vo lume  
o f  2 0 0 0  ml*  A d j u s t  t h e  pH t o  7 . 4 .
T r i s - H C l ,  pH 7 . 4 ,  add 11 .  2g of" KC1. ‘ A d j u s t  t h e  pH t o  7 . 4 .
(c )  P h o s p h a te  b u f f e r  (pH 5 . 5 )  : 9 3 . 5  ml o f  0 . 2  M 
s o l u t i o n  o f  monobasic  Na^HPO^ ( 2 7 . 9g i n  1000 ml o f  d i s t i l l e d  
w a t e r )  and 6 . 5  ml o f  0 . 2  M s o l u t i o n  o f  d i b a s i c  NagHPO^ ( 2 8 . 4
g o f  a n h y d ro u s  Na2 HP0^ i n  1000 ml o f  d i s t i l l e d  w a t e r ) ,  
d i l u t e d  t o  a t o t a l  vo lum e o f  200  ml*  A d j u s t  t h e  pH t o  5 . 5 .
(d)  P h o s p h a te  b u f f e r  (pH 11) : 5 . 3  ml o f  0 . 2  Ii
s o l u t i o n  o f  monobasic  Na2HPC^ ( 2 7 . 8g i n  1000 ml o f  d i s t i l l e d  
w a t e r )  and 9 4 . 7  ml o f  0 . 2  M s o l u t i o n  o f  d i b a s i c  Na2HPQ4,
( 2 8 . 4g o f  a n h y d ro u s  N a2HP0^ i n  1000 ml o f  d i s t i l l e d  w a t e r ) ,
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•t
(b i  150 mM T r i s - K C l  (pH 7 . 4 )  : To 1000 ml . o f  50  mM
-133- /
d i l u t e d  t o  a  t o t a l  o f  2 0 0  m l*  ' A d j u s t  t h e  pH t o  11'.
(2 )  P r e p a r a t i o n  o f  R e a g e n ts
(a )  D i l u t e  a l k a l i n e  c o p p e r  s o l u t i o n  : To 100 ml o-f
47. NagCO-j , add 1 . 0  ml o-F 27. w / v  CuSQ^. 5H Q and 1 . 0  ml o-f 4V.
w /v  sodium t a r t r a t e .  The s o l u t i o n  s h o u ld  be p r e p a r e d  t w i c e  
*
w e e k l y . /
(b)  D o u b le  s t r e n g t h  Nash r e a g e n t  : 150 g o-f ammonium
a c e t a t e ,  2 . 0  ml o f  a c e t y l  a c e t o n e ,  and 2 . 0  ml o f  a c e t i c  a c i d ,  
d i l u t e d  t o  5 0 0  ml w i t h  d i s t i l l e d  w a t e r .  The r e a g e n t  i s  k e p t  
i n  a d a r k  b o t t l e .  P r e p a r a t i o n  s h o u ld  be done as  q u i c k l y  as  
p o s s i b l e  t o  m i n i m i r e  o x i d a t i o n .
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APPENDIX C
Measurement  o f  h e x o b a r b i t a l  h y d r o x y l a s e :
The h y d r o x y l a t i o n  o f  h e x o b a r b i t a l  was d e t e r m i n e d  by t h e  
amount o f  . u n r e a c t e d  s u b s t r a t e  as  d e s c r i b e d  by Cooper  and  
B r o d i e  ( 1 9 5 5 ) .  The i n c u b a t i o n  m i x t u r e  c o n t a i n e d ,  i n  a t o t a l  
vo lume o f  3 . 0  ml o f  50  mM T r i s - H C l  (pH 7 . 4 ) ,  1 . 0 .  mM NADP,
3 . 3  mM g l u c o s e - 6 - p h o s p h a t e ,  2  u n i t s  o f  g l u c o s e - 6 - p h o s p h a t e  
_dehydrogenase,  8 . 3  mM MgCl^ , & mg m ic ro som a l  p r o t e i n ,  and  
v a r i o u s  c o n c e n t r a t i o n s  o f  h e x o b a r b i t a l .  The m i x t u r e  was p r e ­
i n c u b a t e d ,  u n d e r  a i r ,  in  a 2 5 —ml E r l e n m a y e r  f l a s k  a t  3 7 ° C  f o r  
5 m in u t e s .  The r e a c t i o n  was s t a r t e d  by a d d in g  1 . 0  ml o f  
m icrosom al  p r o t e i n  t o  each i n c u b a t i o n  f l a s k  .and t h e  r e a c t i o n  
was a l l o w e d  t o  p r o c e e d  f o r  10 m i n u t e s .  Two ml o f  t h e
/ -i n c u b a t e  was t h e n  added t o  a 6 0 —ml b o t t l e  c o n t a i n i n g  1 g o f  
NaCJ and 1 . 0  .ml o f  Na^HPO^ b u f f e r ,  pH 5 .5_  (s e e  Appendix  Bl  
f o r  p r e p a r a t i o n  o f  b u f f e r s ) .  For  b l a n k s ,  2 . 0  ml o f  H2O was 
used i n  p l a c e  o f  t h e  i n c u b a t e .  T h i r t y  ml o f  r e - d i s t i l l e d  
h e p ta n e  w e re  t h e n  added and t h e  b o t t l e s  w ere  capped and
~ m *
shaken, f o r  4 5  m i n u t e s .  These  w ere  t h e n  c e n t r i f u g e d  ( IE C  
M o d e l -S 3 0 )  f o r  10 m in u te s  a t  s e t t i n g  2 0 .  ' Tw enty  ml 1 o f  t h e  
h e p ta n e  w e re  added t o  an a c i d - w a s h e d  b o t t l e  (1 h o u r  i n  warm 
3N HC1, r i n s e d  w i t h  d i s t i l l e d  w a t e r ,  and d r i e d  i n  h o t  oven)
- 13̂ ~
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
c o n t a i n i n g  4 . 0  ml o f  Na£HP0^ b u f f e r ,  pH 11 ( s e e  Appendix.  B1
f o r  p r e p a r a t i o n  o f  b u f f e r s ) .  The b o t t l e s  w ere  t h e n  capped
and- shaken f o r  3  m in u t e s  t h e n  t h e  m i x t u r e  was d e c a n t e d  i n t o
and a c id - w a s h e d  t u b e .  ^Thje h e p t a n e  was a s p i r a t e d  and t h e
a b s o rb a n c e  o f  t h e  aqueous  phase was measured a t  2 4 5  nm i n  a
d o u b le -b e a m  s p e c t r o p h o t o m e t e r  ( P e r k i n - E l m e r  Model 5 7 5 ) .
T h i s  was done by s e t t i n g  t h e  s p e c t r o p h o t o m e t e r  t o  z e r o  w i t h
t h e  pH 11 b u f f e r  and m eas u r in g  ' th e  a b s o r b a n c e s  o f  t h e  bl -anks
*
and sam ples  a g a i n s t  i t .  D e t a i l e d  c a l c u l a t i o n s  f o r
t
h e x o b a r b i t a l  h y r o x y l a t i o n  a r e  g i v e n  i n  Appendix  D4.
\
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APPENDIX D
Cl) C a l c u l a t i o n  -for t h e  Low ry  'Assay:
A  ABS -  0 . 0 1  ‘
-------------------------------  = (X) x ( 1 0 0 ) ,  where  100 . i s
1 . 1 6 9  t h e  d i l u t i o n
■factor
X mg/ml
(2 )  C a l c u l a t i o n  -for e t h y l m o r p h i n e  N - d e m e t h y l a t i o n :
. A  ABS + 0 . 0 2 4 8
------------------------------------ = (X) :< 10 “ 9 m o le s /m l
0. 0
= Y n m o le s /m l
T r u e  c o n c e n t r a t i o n  i n  = (Y n m o l e s / m l )  x (3  fives') x 2 
m i x t u r e  ■ w here  2 i s  t h e  c o r r e c t i o n
■factor
= Y nm oles
Y nm oles
S p e c i f i c  A c t i v i t y  =
(3 0  min)  x (6  mgMP) 
Z nm oles /m in /m gMP
(3 )  C a l c u l a t i o n  -for d e o x y c o r t i  c o s t e r o n e  50C - r e d u c t  i  o n :
A  ABS - ^
  = (X) x 1 0 ”® mmoles/ml
* 1 7 2 0 0
= X n m o le s /m l  
T o t a l  p r o d u c t  fo rm e d  = (X n m o l e s / m l )  x (3 mis)
-  ^  - 136-
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Y nmoles
Y nm oles
S p e c i f i c  A c t i v i t y
<10 min)  x < 1 . 1 2 5  mgMP) 
= 2 nm oles /m in /m gMP
*  17200 =  e x t i n c t i o n  c o e f f i c i e n t  o f  DOC
(4 )  C a l c u l a t i o n  f o r  h e x o b a r b i t a l  h y d r o x y l a t i o n :
A  ABS -  0 . 0 3 8 2
 >-------------------------  = X u m o les /m l
■ A
$
2 . 2 3 8 0
T o t a l  u n m e t a b o l i z e d  Hb = <X u m o l e s / m l )  x <3 mis)
= X umoles
Amount Hb m e t a b o l i z e d  = <Y um oles)  -  <X umoles)
w here Y i s  t h e  EHbl i n  
t h e  r e a c t i o n  m i x t u r e
. ' .  = 2  umoles
■ '  c r
S p e c i f i c  A c t i v i t y  = (2 um oles)  ( 1000 )
(10  tnin) x (6  mgMP) 
2 ’ nm oles /m in /m gMP
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APPENDIX E
(1) Preparation of Steroid Suspensions
S t e r o i d  Dosage  
( u m o l e / 2 0  u l  PG)
Mass o f  s t e r o i d ,  mg/.5 ml PG
TP E2 DHT
0 . 3 7
0 . 7 3
1. 45
2 . .90“
3 1 . 9  
6 2 .  9 
1 2 5 . 0  
• 2 5 0 .0
2 5 . 2  
‘ 4 9 . 7  
9 8 . 7  
1 9 7 . 5
06. 5  
7 2 . 0
1 4 3 . 0
2 8 6 . 1  *
Note: All suspensions were mixed thoroughly before-
administration . - ~
(2) Preparation of nafoxidine (NFX) suspensions
Note: Nafoxidine was dissolved in PG
by use of a Polytrop.
NFX Dosage  
( u m o le /2 0  u l  PG)
Mass o f  NFX 
(mg/1 ml PG)
0 . 5 5 1 2 . 7
1 . 4 5 3 3 .  5
2 . 9 0 6 7 . 0
-138-
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
LITERATURE CITED
A r a i , Y .  and G a r s k i , RA. " C r i t i c a l  e x p o s u r e  t i m e  f o r  
a n d r o g e n i z a t i o n  o f  t h e  d e v e l o p i n g  h y p o th a la m u s  i n  t h e  f e m a l e  
r a t " ,  E n d o c r i n o l o g y  8 2 :  1 0 1 0 - 1 0 1 4  ( 1 9 6 8 ) .
A x e l r o d ,  J .  "The e n z y m a t i c  N - d e m e t h y l a t i o n  o f  n a r c o t i c  
d r u g s " ,  J . P h a r m a c o l . E x p e r . T h e r .  117:  3 2 2 - 3 3 0  ( 1 9 5 6 ) .  -
B a k e r ,  H . J . ,  L i n d s e y ,  J . R . ,  W e i s b r o t h ,  S . H .  S e l e c t e d  
N o r m a t i v e  D a t a .  The L a b o r a t o r y  R a t . V o l . I I .  In : .  B a k e r ,  H . , 
L i n d s e y ,  J .R" . ,  and W e i s b r o t h ,  S . H .  (eds )  . Academic P r e s s ,
New Y o r k .  p . 2 5 7  ( 1 9 8 0 ) .
B a r l e y ,  J . ,  G in s b u r g ,  M. , G r e e n s t e i n ,  B . D . ,  MacLusky,  N . J . ,  
and Thomas, P . J .  "An and ro gen  r e c e p t o r  i n  r a t  b r a i n  and  
p i t u i t a r y " ,  B r a i n  Res .  100:  3 8 3 —3 9 3  ( 1 9 7 5 ) .
B e l l ,  J . H .  and E c o b ic h o n ,  D . J .  "The d e v e lo p m e n t  o f  k i n e t i c  
p a r a m e t e r s  o f  h e p a t i c  d r u g - m e t a b o l i z i n g  enzymes i n  p e r i n a t a l  
r a t s " , .  Can . J . Bi ochem. 5 3 :  4 3 3 —4 3 7  ( 1 9 7 4 ) .
Bend, J . R .  and Hook,  G . E . R .  H e p a t i c  and e x t r a h e p a t i c  mixed  
f u n c t i o n  o x i d a s e s .  Handbook o f  P h y s i o l o g y , S e c t i o n  9:  
R e a c t i o n s  t o  E n v i r o n m e n t a l  A g e n t s .  I n :  L e e ,  D.^, F a l k ,  H . L . ,  
l iu rp h y ,  S . D . ,  and G e i g e r ,  S . R .  ( e d s ) .  Am er . Phys i  o l . So c i  e t y , 
B e th e s d a ,  M a r y l a n d .  C h . 2 6 ,  pp. 4 1 9 - 4 3 6 .
B e rg ,  A. and G u s t a f s s o n ,  J . A .  " R e g u l a t i o n  o f  h y r o x y l a t i o n  o f  
5 0 £ - a n d r o s t a n —30C , 1 7 B -d i  o l  i n  l i v e r  microsomes. f ro m  m a le  and 
f e m a l e  r a t s " ,  J . B i o l . C h e m  2 4 8 :  6 5 5 9 - 6 5 6 7  ( 1 9 7 3 ) .
B o r g e a t ,  P . ,  L a b r i e ,  F . , B e l a n g e r ,  A . ,  e t  a l . " I n h i b i t i o n  o f  
a d e n o s in e  3 ’ 5 ’ —monophosphate  a c c u m u l a t i o n  i n  a n t e r i o r  
p i t u i t a r y  g l a n d  i n  v i t r o  by g ro w th  hormone—r e l e a s e  i n h i b i t i n g  
horm ohe",  B io c h e m .B io p h y s .R e s .C o m m u n . 5 6 :  1 0 5 2 - 1 0 5 9  ( 1 9 7 4 ) .
B r a z e a u ,  P . ,  V a l e ,  W . , B u rg u s ,  R . , L i n g ,  N . , e t  a l . 
" H y p o th a la m ic  p o l y p e p t i d e  t h a t  i n h i b i t s  t h e  s e c r e t i o n  o f  
im m u n o r e a c t iv e  p i t u i t a r y  g ro w th  horm one" ,  S c ie n c e  179:
7 7 - 7 9  ( 1 9 7 3 ) .
3 r u c h o v s k y ,  N. and W i l s o n ,  J . D .  "The i n t r a n u c l e a r  b i n d i n g  o f  
t e s t o s t e r o n e  and 5 C - a n d r o s t a n - 1 7 B - o l - 3 - o n e  by r a t  p r o s t a t e  
i n  v i v o  and i n  v i t r o " ,  J . 3 i o l . £ h e m .  2 4 3 :  5 9 5 3 - 5 9 6 0  ( 1 9 6 8 ) .
B u rk e ,  M . D . ,  O r r e n i u s ,  S . ,  and G u s t a f s s o n ,  J . A .  " P i t u i t a r y  
i n v o l v e m e n t  i n  t h e  s e x u a l  d i f f e r e n t i a t i o n  and 3 —m e t h y l c h o l a n -  
t h r e n e  i n d u c t i o n  o f  r a t  l i v e r  m ic ro so m a l  m onooxygenases" ,
-139-
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
-140-
B i o c h e m .P h a r m a c o l . 2 7 :  1 1 2 5 - 1 1 2 8  ( 1 9 7 8 ) .
Chamness, G . C . ,  C o s t l o w ,  M .E .  , and M c G u i r e ,  W .L .  “E s t r o g e n  
r e c e p t o r  i n  r a t '  l i v e r  and i t s  dep en d en ce  on' p r o l a c t i n 11, 
S t e r o i d s ' 2 6 :  3 6 3 - 3 7 1  ( 1 9 7 5 ) . ’
Chamness, 6 . C . ,  K i n g ,  T . W . ,  and S h e r i d a n ,  P . J .  "Androgen  
r e c e p t o r  in  t h e  r a t  b r a i n  —x a s s a y s  and p r o p e r t i - e s "  , B r a i n  
Res.  1 6 1 : . 2 6 7 - 2 7 6  ( 1 9 7 9 ) .
Cheng,  K . C . ' a n d  Schenkman, ‘ J . B . " P u n r  i c a t i o n  and 
c h a r a c t e r i z a t i o n  o r  two c o n s t i t u t i v e  -forms ot r a t  l i v e r  
m ic ro som a l  c y to c h ro m e  P - 4 5 0 " ,  J . B i o l . C h e m .  257:.  2 3 7 8 - 2 3 8 5  - 
( 1 9 8 2 ) .
Chung, L .W .K .  “C h a r a c t e r i s t i c s  o-f n e o n a t a l  a n d r o g e n - in d u c e d  
i m p r i n t i n g  of. r a t  h e p a t i c  m ic rosom al  manoojcygenases",
B io c h e m .P h a r m a c o l . 26 :  1 9 7 9 - 1 9 8 4  ( 1 9 7 7 ) .
Chung, L . W . K . , C a l v i n ,  M . , and Chao, H. " N e o n a t a l  i m p r i n t i n g  
and h e p a t i c  c y to c h ro m e  P - 4 5 0 .  I I .  P a r t i a l  p u r i - f i c a t i o n  ct  a 
s e x —d e p e n d e n t  and n e o n a t a l  l y  i m p r i n t e d  f o r n i ( s )  o-f c y to c h ro m e  
P - 4 5 0 " ,  J . S u p r a m o le c . S t r u c t . Ce l  1 . 3 io c h e m .  15: 1 9 3 - 2 0 4  ( 1 9 8 1 ) .
Chung, L . W . K . ,  Raymond, G. , and Fox ,  S.  " R o le  o-f n e o n a t a l  
and ro gen  i n  t h e  d e v e lo p m e n t  o-f h e p a t i c  m ic rosom al  d rug  
m e t a b o l i z i n g  enz y m e s " ,  J . P h a r m c o l . E x p e r . T h e r . 193: 6 2 1 —630
( 1 9 7 5 ) .  -
C l a r k ,  J . H . ,  H a rd e n ,  J . W . ,  McCormack, S . A . ,  and P a d y k u l a ,
H .A .  Mechanism, o-f a c t i o n  o-f e s t r o g e n  a n t a g o n i s t :  R e l a t i o n ­
s h i p  t o  e s t r o g e n  r e c e p t o r  b i n d i n g  and h y p e r e s t r o g e n i z a t i o n . 
Hormones. R e c e o t o r s .  and B r e a s t  C a n c e r . I n :  M c G u ire ,  W.L.  
( e d ) .  Raven P r e s s ,  New Y o r k .  pp. 107—133 ( 1 9 7 8 ) .
' j
C o c h in ,  J .  and A x e l r o d ,  J .  “B i o c h e m ic a l  and p h a r m a c o l o g i c a l  
changes  i n  t h e  r a t  - f a l l o w i n g  a d m i n i s t r a t i o n  o-f m o rp h in e ,  
n a l o r p h i n e ,  and n o r m o r p h i n e " , J . P h a r m a c o l . E x p e r . T h e r ; 125:
1 0 5 - 1 1 5  ( 1 9 5 8 ) .
C o l b y ,  H .D .  " R e g u l a t i o n  o-f h e p a t i c  d ru g  and s t e r o i d  
m e t a b o l is m  by a n d ro g e n s  and e s t r o g e n s .  Advances i n  Sex 
Hormone R e s e a rc h -, V o l .  I V .  I n :  Thomas, J . A .  and S i n g a l ,  R . L .  
( e d s ) . pp.  2 7 - 7 1  ( 1 9 8 0 ) .
C o lb y ,  H.'D. , G a s k i n ,  J . H . ,  and K i t a y ,  3 . 1 .  " R e q u i r e m e n t  o-f 
t h e  p i t u i t a r y  g l a n d  -for g on ada l  hormone e - f - fects  on h e p a t i c  
c o r t i c o s t e r o i * d  m e t a b o l is m  i n  r a t s  and h a m s t e r s " ,  
E n d o c r i n o l o g y  9 2 :  7 6 9 —7 7 4 . ( 1 9 7 3 ) .
/
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
-141-
" E f f e c t s  o f  a n t e p i o f -  p i t u i t a r y  hormones on 
h e p a t i c  c o r t i c c s t e r o n e  m e t a b o l is m  i n  r a t s " ,  S t e r o i d s  24 :  
6 7 9 - 6 8 6  (1974 ) ' .
C o o p er ,  J . R .  and B r o d i e ,  B .B .  "The e n z y m a t i c  m e t a b o l is m  o f  
h e x o b a r b i t a l  v ^ E v i p a l ) " , 'J .P h a rm a c o l  . E x p e r .  T h e r .  114:
4 0 9 - 4 1 7  (1 9 5 5  ) .
C o rp e c h o t ,  C . , B a u l i e u ,  E - E . , and R o b e l , P.  " T e s t o s t e r o n e ,  
d i h y d r o t e s t o s t e r o n e ,  and a n d r o s t a n e d i o l s  i n  p la s m a ,  t e s t e s ,  
and p r o s t a t e  o f  r a t s  d u r i n g  d e v e lo p m e n t " ,  A c ta  E n d o c r i n o l .
9 6 :  1 2 7 - 1 3 5  ( 1 9 8 1 ) .
D a v i e s ,  D . S . ,  G ig o n ,  P . L . ,  and G i l l e t t e ,  J . R .  “Sex 
d i f f e r e n c e s  in  t h e  k i n e t i c  c o n s t a n t s  f o r  t h e  N - d e m e t h y l a t i c n  
o f  e t h y l m o r p h i n e  by r a t  l i v e r  m ic ro s o m e s " , Biochem.
P h a r m a c o l .  17: 1 8 6 5 - 1 8 7 2  ( 1 9 6 8 ) .
DeMoor, P. and D e n e f ,  C. “ The p u b e r t y  o f  t h e  r a t  l i v e r :
F e m i n i n e  p a t t e r n  o f  c o r t i s o l  m e t a b o l is m  i n  male,  r a t s  
c a s t r a t e d  a t . b i r t h " ' ,  E n d o c r i n o l o g y  8 2 :  4 8 0 —492 ( 1 9 6 8 ) .
D e n e f ,  C. " E f f e c t  o f  hypophysectom y and p i t u i t a r y  i m p l a n t s  
a t  p u b e r t y  on t h e  s e x u a l  d i f f e r e n t i a t i o n  o f  t e s t o s t e r o n e  
m e t a b o l is m  i n  r a t  l i v e r " ,  E n d o c r i n o l o g y  94 :  1 5 7 7 - 1 5 8 2
( 1 9 7 4 )  . .  ’
----------------------- . " S e x u a l  d i f f e r e n t i a t i o n  o f  s t e r o i d  m e t a b o l i z i n g
enzymes in  t h e  r a t  l i v e r .  F u r t h e r  s t u d i e s  on p r e d e t e r m i n a t i o n
by t e s t o s t e r o n e  a t  b i r t h " ,  E n d o c r i n o l o g y  91 :  3 7 4 - 3 8 4  ( 1 9 7 2 ) .
D e n e f ,  C. , Magnus, C. , and McEwen, B - S ^  " S e x -d e p e n d e n t  ' 
changes  i n  p i t u i t a r y  5 0 C - d i h y d r o t e s t o s t e r o n e  and 3 t t -  
a n d r o s t a n e d i o l  f o r m a t i o n  d u r i n g  p o s t n a t a l  d e v e lo p m e n t  and 
p u b e r t y  i n  t h e  r a t " ,  E n d o c r i n o l o g y  94:  1 2 6 5 - 1 2 7 4  ( 1 9 7 4 ) .
D i c k s o n ,  R .B .  and E i s e n f e l d ,  A . J .  " E s t r o g e n  r e c e p t o r  i n  
l i v e r  o f  m ale  and f e m a l e  r a t s :  e n d o c r i n e ^ r e g u l a t i o n  and 
m o l e c u l a r  p r o p e r t i e s " , B i o l . R e p r o d .  2 1 :  1 1 0 5 - 1 1 1 4  ( 1 9 7 9 ^
D ic k s o n ,  R . B . ,  A t e n ,  R . F . ,  and E i s e n f e l d ,  A . J .  "An u nu sua l  
sex s t e r o i d  b i n d i n g  p r o t e i n  i n  m a tu r e  m a le  r a t - l i v e r  
c y t o s o l " ,  E n d o c r i n o l o g y  103:  1 6 3 6 - 1 6 4 6 . ( 1 9 7 8 ) .
D o h l e r ,  C. , S r i s t a v a ,  S . S .  , S h ry n e ,  J . E . ,  J a r z a b ,  B. , S i p o s ,
A . ,  and G o r s k i ,  R .A .  " D i f f e r e n t i a t i j i D  o f  t h e  s e x u a l l y  
d i m o r p h ic  n u c le u s  i n  t h e  p r e o p t i p ^ a r e a  o f  t h e  r a t  b r a i n  i s  
i n h i b i t e d  by p o s t n a t a l  t r e a t m e n t  w i t h  an e s t r o g e n  a n t a g o n i s t " ,  
N e u r o e n d o c r in o lo g y  3 8 :  2 9 7 —301 ( 1 9 8 4 ) .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
-142-
D o u g h ty ,  C . , B o o th ,  J . E . , M cD on a ld ,  P . S . ,  and P a r r o t t ,  R . F .  , 
" E f f e c t s  o f  e s t r a d i o l - 1 7 B ,  e s t r a d i o l  b e n z o a t e ,  and t h e  
s y n t h e t i c  e s t r o g e n ,  RU 2B 58 ,  on t h e  sexual '"  d i ' f  f  e r e n t i a t i o n  i n  
. t h e  n e o n a t a l  f e m a l e  r a t " ,  J . E n d o c r i n o l . 6 7 :  4 1 9 - 4 2 4  ( 1 9 7 5 ) .
Duncan,  D .B .  " M u l t i p l e  r a n g e  and m u l t i p l e  F - t e s t s " , 
B i o m e t r i c s  11: 1 - 4 2  ( 1 9 5 5 ) .
Eden,  S.  " A g e -  ahd s e x - r e l a t e d  d i f f e r e n c e s  i n  e p i s o d i c  
g ro w th  hormone s e c r e t i o n  i n  t h e  r a t " ,  E n d o c r i n o l o g y  ■ 105:  
5 5 5 - 5 6 0  ( 1 9 7 9 ) .
E i n a r s s c n ,  K . , G u s t a fs s o n  J . A . .  and S t e n b e r g ,  A. " N e o n a ta l  
i m p r i n t i n g  o f  l i v e r  m ic ro som a l  h y r o x y l a t i c n  and r e d u c t i o n  o f  
s t e r o i d s " , .  J . B i o l . C h e m .  2 4 8 :  4 9 8 7 - 4 9 9 7  ( 1 9 7 3 ) .
E i n a r s s o n ,  K . , G u s t a f s s o n ,  J . A i ,  S j o v a l l ,  J . , and Z i e t z ,  E. 
" D o s e -d e p e n d e n t  e f f e c t s  o f  e t h i n y l  e s t r a d i o l  and. d i e t h y l s t i l -  
b e s t r o l  and e s t r a d i o l  on t h e  m e t a b o l is m  o f  4 - a n d r o s t e n e - 3 ,  
1 7 - d i o n e  i n  r a t  l i v e r  m ic ro s o m e s " ,  A c ta  E n d o c r i n o l .  78:
5 4 - 6 4  ( 1 9 7 5 ) .
E i s e n f e l d ,  A . J . ,  A t e n ,  R . , W e i n b e r g e r ,  M . , H a s e l b a c h e r ,  G . ,
Hal p e r n , K . , and K r a k o f f ,  L .  " E s t r o g e n  r e c e p t o r  i n  t h e  
mammalian l i v e r ” , S c ie n c e  191:  3 6 2 - 8 6 5  ( 1 9 7 6 ) .
' E l  D e f r a w y  E l  M asry ,  S . ,  Cohen,  G.M.*, and M a n n e r in g ,  G..J. 
" S e x -d e p e n d e n t  d i f f e r e n c e s  i n  d ru g  m e t a b o l is m  i n  t h e  r a t .  I .  
Tem pora l  cha n g es  i n  t h e  m ic ro so m a l  d r u g - m e t a b o l i z i n g  system  
o f  t h e  l i v e r  d u r i n g  s e x u a l  m a t u r a t i o n " ,  t r u g  M e t a b . D i s p o s .
2 : * 2 6 7 - 2 7 8  ( 1 9 7 4 ) .
E l  D e f r a w y  E l  M a s ry , .  S.  and M a n n e r in g ,  6 . J .  "Sex—d e p e n d e n t .
d i f f e r e n c e s  i n  d rug  m e t a b o l is m  i n  t h e  r a t .  I I .  Q u a n t i t a t i v e _ __
changes  p ro d u c e d  by c a s t r a t i o n  and t h e  a d m i n i s t r a t i o n  o f  
s t e r o i d  hormones and p h e n o b a r b i t a l " ,  Drug M e t a b . D i s p o s .  2:  
2 7 9 - 2 8 4  ( 1 9 7 4 ) .
E i s h o u r b a g y ,  N .A .  and G u z e l i a n ,  P . S .  " S e p a r a t i o n ,  
p u r i f i c a t i o n , and c h a r a c t e r i z a t i o n  o f  a n o v e l  fo rm  o f  h e p a t i c  
c y t o c h r o m e - P - 4 5 0  f ro m  r a t s  t r e a t e d  w i t h  p r e g n e n o l o n e  1 6 0 b -  
c a r b o n i t r i 1e “ , J . B i o l . C h e m .  2 5 5 :  1279—1285 ( 1 9 8 0 ) .
 ̂ Emimens, C.W. " R a t e  o f  a b s o r p t i o n  o f  a n d ro g e n s  and e s t r o g e n s  
i n  f r e e  and e s t e r i f i e d  f o r j p - f r o m  s u b t u t a n e o u s  i m p l a n t e d  
t a b l e t s " ,  E n d o c r i n o l o g y ^ S :  6 3 3 -6 4 2 -  ( 1 9 4 1 ) .
Epelbaum,* 3 . ,  W i l l o u g h b y ,  J .  , B r a z e a u ,  P . ,  and M a r t i n ,  P.  
" E f f e c t s  o f  b r a i n  l e s i o n s  and h y p o t h a l a m i c  d e a f f e r e n t i a t i o n  - 
on s o m a t o s t a t i n  d i s t r i b u t i o n  i n  t h e  r a t  b r a i n " ,
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
-143-
E n d o c r i n o l o g y ' 101:  1 4 9 5 - 1 5 0 2  ( 1 9 7 7 ) .
F a r r i s ,  E . J .  and G r i f f i t h ,  J . Q .  (eds)  . The R a t  i n  L a b o r a t o r y . 
I n v e s t i g a t i o n . 2nd e d i t i o n .  JB L i p p i n c o t t  C o . ,  P h i l a d e l p h i a ,  
p . 450  ( 1 9 4 9 ) .
F e d e r ,  H .H .  "The c o m p a r a t i v e  a c t i o n  o-f t e s t o s t e r o n e  
p r o p i ’o n a t e  and 3 C - a n d r o s t a n - 3 0 E , 1 7 B - o l —3 - o n e  p r o p i o n a t e " ,  
E n d o c r i n o lo g y  94 :  136—141 ( 1 9 7 1 ) . ,
F i l b y ,  A .B .  and G ro ss ,  D .S .  “ D i s t r i b u t i o n  o-f im m u n o r e a c t iv e  
s o m a t o s t a t i n  i n  t h e  p r i m a t e  h y p o t h a la m u s " ,  C e l l  T i s s u e  Res.  
233 :  6 9 - 8 0  ( 1 9 8 3 ) .
F in n e n ,  M .J .  and H a s s a l l ,  K .A .  "A p o s s i b l e  p r i m a r y ,  r o l e  f o r  
t h e  p i t u i t a r y  i n  t h e  c o n t r o l  o f  s e x - d e p e n d e n t  d i f f e r e n c e s  in  
h e p a t i c  - f o r e i g n  compound m e t a b o l i s m  i n  t h e  r a t " ,  Bi och em . .. 
P h a r m a c o l . 2 9 :  3 1 3 9 - 3 1 4 2  ( 1 9 8 0 ) .
*
F i s h e r ,  G . J . ,  Fukushim a,  H . , and. G a y l o r ,  J . L .  " I s o l a t i o n ,
' p u r i f i c a t i o n , and p r o p e r t i e s  o f  a ' u n i q u e  fo rm  o f  c y to c h ro m e  
P -4 5 0  i n  m icrosom es o f  i s o s a f r o l e —t r e a t e d  r a t s " ,  J . B i o l .  
Chem. 2 5 6 :  4 3 8 8 - 4 3 9 4  ( 1 9 8 1 ) .
F l o r e s ,  F . , N a f t o l i n ,  F . , and Ryan,  K . J .  " A r o m a t i c a t i o n  o f  
a n d r o s t e n e d i o n e ’ and t e s t o s t e r o n e  by r h e s u s  monkey 
h y p o th a la m u s  and l ' im b ic  s y s t e m " ,  N e u r o e n d o c r i n o l o g y  11:  
1 7 7 -1 8 2  ( 1 9 7 3 ) .
* *
G a r c i a ,  M. and R o c h e f o r t ,  H. " E v i d e n c e  and c h a r a c t e r i z a t i o n  
o f  t h e  b i n d i n g  o f  two 3 H - l a b e l l e d  a nd ro gens  t o  t h e  e s t r o g e n  
r e c e p t o r " ,  E n d o c r i n o l o g y  104 :  1 7 9 7 - 1 8 0 4  ( 1 9 7 9 ) .
Gay-, V . L .  and D e v e r , N.W. " E f f e c t s  o f  t e s t o s t e r o n e  
p r o p i o n a t e  and e s t r a d i o l  b e n i o a t e  a l o n e  o r  i n  c o m b i n a t i o n  on 
serum LH and-FSH i n  o r c h i d e c t o m i r e d  r a t s " ,  E n d o c r i n o l o g y  
39:  1 6 1 - 1 6 8  ( 1 9 7 1 ) .
G e n t r y ,  R . T . ,  Wade, G . N . ,  and Roy,  E . J .  " I n d i v i d u a l  
d i f f e r e n c e s  i n  e s t r a d i o l  — in d u c e d  b e h a v i o u r  and i n  n e u r a l  H— 
e s t r a d i o l  u p t a k e  i n  r a t s " ,  Horm.Behav-. 17: 1 9 5 - 2 0 0  ( 1 9 7 6 ) .
G eorge,  F .W. and O je d a ,  S . R .  "Changes i n  a r o m a t a s e  a c t i y i t y  
i n  t h e  r a t  b r a i n  d u r i n g  e m b r y o n ic ,  n e o n a t a l ,  and i n f a n t i l e  
d e v e lo p m e n t " ,  E n d o c r i n o lo g y  11.1: 5 2 2 - 5 2 9  ( 1 9 8 2 ) .
*
G i l l e t t e ,  J . R . , D a v ie s ,  D . S . , and Sasame, H .A .  “ Cytochrom e  
P -4 5 0  and i t s  r o l e  i n  d rug  m e t a b o l i s m " ,  Ann. R e v . P h a r m a c o l . 
12: 5 7 - 8 4  ( 1 9 7 2 ) ;
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
- l i r t -
-v
G la d u e ,  B .A .  and C lem ens ,  L . G .  " A n d r o g e n ic  i n f l u e n c e s  on 
- - fe m in in e  s e x u a l  b e h a v i o u r  i n  m a le  and - female  r a t s :  d e f e m i n i — 
r a t i o n  b l o c k e d  by  p r e n a t a l  a n t i a n d r o g e n  t r e a t m e n t " ,  
• E n d o c r i n o lo g y  103:  1 7 0 2 - 1 7 0 9  ( 1 9 7 8 ) .
G o l d s t e i n , .  A . ,  Aronow, L .  , and K a lm an ,  5 . M .  The t i m e  c o u r s e  , - 
o-f d rug  a c t i o n .  P r i n c i p l e s  o-f Drug A c t i o n , 2nd e d i t i o n .  I n :  
G o l d s t e i n ,  Aronow^ and Kalman ( e d s ) . John W i l e y  and Sons,
New Y o r k .  C h . 4 ,  p p . 3 0 1 - 3 3 3  ( 1 9 7 4 ) .
G o l d s t e i n ,  J . A . ,  L i n k o ,  P . ,  L u s t e r ,  M . I . ,  and S u n d h e im e r ,  D. 
" P u r i - f i c a t i o n  and c h a r a c t e r i r a t i o n  o-f a second -form o-f 
h e p a t i c  c y to c h ro m e  P - 4 4 8  -from r a t s  t r e a t e d  w i t h  *a p u r e  
p o l y c h l o r i n a t e d  b i p h e n y l  i s o m e r " ,  J . B i o l . C h e m .  25 7 :
2 7 0 2 - 2 7 0 7  ( 1 9 8 2 ) .
G o n r a l e r —D i d d i , M . , K o m is a ru k ,  B. , and B e y e r ,  C.
"Di-f  f e r e n t i a l  e - f - fec ts  o-f t e s t o s t e r o n e  and d i  h y d r o t e s t o s t e r o n e  
on t h e . d i v e r s e  u t e r i n e  t i s s u e s  o f  t h e  o v a r i e c t o m i z e d  r a t " ^  
E n d o c r i n o l o g y  9 :  1129—1132 ( 1 9 7 2 ) .
G o r s k i , R .A .  " M o d i f i c a t i o n  o f  o v u l a t o r y  mechanisms by  
p o s t n a t a l  a d m i n i s t r a t i o n  o f  e s t r o g e n  t o  t h e  r a t " ,  Am.J.
P h y s i o l .  2 0 5 : ' 8 4 2 - 8 4 4  ( 1 9 6 3 ) .
—;---------------------. " L o c a l  i  r a t i  on and s e x u a l  d i f  f  e r e n t i a t i - 'o n  o f  t h e
n e r v o u s  s t r u c t u r e s  w h ich  r e g u l a t e  o v u l a t i o n " ,  J . R e p r o d . F e r t . 
( S u p p l . l ) :  6 7 - 8 8  ( 1 9 6 6 ) . .
G o r s k i ,  J . ,  . T o f t ,  D . O . ,  S h yam a la ,  G . , S m i t h ,  D . , and  
N o t i d e s ,  A. "Hormone r e c e p t o r s :  s t u d i e s  on t h e  i n t e r a c t i o n  
o f  e s t r o g e n  w i t h  t h e  u t e r u s " ,  R e c . P r o g .H o r m .R e s .  2 4 :  4 5 - 8 0  
( 1 9 6 8 ) .
G ro s s ,  D .S .  " R o le  o f  s o m a t o s t a t i n  i n  t h e  m o d u l a t io n  o f  
hyp o p h ys ia l -  g r o w th  h o rm o n e ‘ p r o d u c t i o n  by  gonada l  s t e r o i d s " ,  
A m . J . A n a t .  158 :  5 0 7 - 5 1 2  ( 1 9 8 0 ) .
G u e n g e r ic h ,  F . P .  " S e p a r a t i o n  and p u r i f i c a t i o n  o f  m u l t i p l e  
fo r m s  o f  c y to c h ro m e  P - 4 5 0 " ,  J . B i o l . C h e m .  252 :  3 9 7 0 —3 9 7 9  
( 1 9 7 7 ) .
G u i l l e m i n ,  R . , B r a r e a u ,  P . ,  B o h le n ,  P . ,  Esch ,  F . , L i n g ,  N . , 
and W e h ren b erg ,  W.B. "Growth h o r m o n e - r e l e a s i n g  f a c t o r  f ro m  
a human p a n c r e a t i c  tu m o r  t h a t  caused  a c r o m e g a ly " ,  S c i e n c e  
2 1 8 :  5 8 5 - 5 8 7  ( 1 9 8 2 ) .  ’
G d is ta fsson ,  - J . A .  and P o u s e t t e ,  A. " D e m o n s t r a t i o n  and p a r t i a l  
c h a r a c t e r i z a t i o n  o f  c y t o s o l  r e c e p t o r s  f o r  t e s t o s t e r o n e " , 
B i o c h e m i s t r y  14: 3 0 9 4 —3101 ( 1 9 7 5 ) .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
G u s t a f s s o n ,  J .  A. and S k s t t ,  P .  " P r e c o c i o u s  ' f * m i n i c a t i o n  ’ o-f 
. r a t  l i v e r  enzymes i n  t h e  p r e s e n c e  o-f an e c t o p i c  p i t u i t a r y " ,
J . E n d o c r i n o l . 7 6 :  1 8 7 -1 9 1  ( 1 9 7 8 ) .
• ' V .
G u s t i f s s o n ,  J . A .  and S t e n b e r g ,  A. " I r r e v e r s i b l e  a n d r o g e n i c  
programming a t  b i r t h  o-f m ic rosom al  and s o l u b l e  r a t  l i v e r  
enzymes a c t i v e  on 4 - a n d r o s t e n e —3 , 1 7 - d i o n e  and 5 C C - a n d r o s t a n e -  
3 a  , 1 7 B - d i o l  " , J . B i o l . C h e m .  2 4 9 :  7 1 1 - 7 1 7  ( 1 9 7 4 a ) .
----------- ;----------- . "Mascul  i  n i  za - t i  on o-f r a t  1 F v e r  enzyme a c t i v i t i e s
■fo llowing,  h yp o p h ys ec to m yM , E n d o c r i n o l o g y  93 :  8 9 1 - 8 9 6  
( 1 9 7 4 b ) .
----------------------- . " N e o n a t a l  programming o f  androgen r e s p o n s i v e n -
ness  o f  l i v e r  o f  a d u l t  r a t s " ,  J . B i o l . C h e m .  2 4 9 :  7 1 8 - 7 2 3  
. ( 1 9 7 4 c ) .
 ---------------------- . " S p e c i f i c i t y  o f  n e o n a t a l  a n d r o g e n - in d u c e d
i m p r i n t i n g  o f  h e p a t i c  s t e r o i d  m e t a b o l is m  i n  r a t s " ,  S c i e n c e
191:  2 0 3 - 2 0 4  ( 1 9 7 6 a ) .
----------------------- . "On t h e  o b l i g a t o r y  r o l e  o f  t h e  h y p o p h y s is  i n
s e x u a l  d i f f e r e n t i a t i o n  o f  h e p a t i c  m e t a b o l is m  i n  r a t s " ,  P r o c .  
N a t l . A c a d . S c i . 7 3 :  1 4 6 2 - 1 4 6 5  ( 1 9 7 6 b ) .
G u s t a f s s o n ,  J . A . ,  I n g e l m a n - S u n d b e r g ,  M . , and S t e n b e r g ,  A. 
" N e o n a t a l  a n d r o g e n i c  programming o f  h e p a t i c  s t e r o i d  
m e ta b o l is m  in' r a t s " ,  J . S t e r o i d  B i o c h e m . - 6 :  * 5 4 3 -5 4 9  ( 1 9 7 5 a ) .
G u s t a f s s o n ,  J . A . ,  P o u s e t t e ,  A . ,  S t e n b e r g ,  A . ,  and Wrange, .0.  
" H i - g h - a f f i n i t y  b i n d i n g  o f  4 - a n d r o s t e n e —3 ,  1 7 - d i o n e  i n  r a t  
l i v e r " ,  B i o c h e m i s t r y  14: 3 9 4 2 - 3 9 4 8  ( 1 9 7 5 b ) .
G u s t a fs s o n ,  J . A . ,  I n g e l m a n - S u n d b e r g , M . , S t e n b e r g ,  A . ,  and 
H o k f e l t ,  T . t  " F e m i n i z a t i o n  o f  h e p a t i c  s t e r o i d  m e t a b o l is m  i n  
m a le  r a t s  fol l f iWTTfg e l e c t r o t h e r m i c  l e s i o n  o f  t h e  
h y p o th a la m u s " ,  E n d o c r i n o l o g y  98 :  9 2 2 —926 ( 1 9 7 6 a ) .
G u s t a f s s o n ,  J . A . ,  P o u s e t t e ,  A . ,  and Svensson ,  E. " S e x -  
s p e c i f i c  o c c u r r e n c e  o f  androgen  r e c e p t o r s  i n  r a t  b r a i n " ,  
J . B i o l . C h e m .  2 5 1 :  4 0 4 7 - 4 0 5 4  ( 1 9 7 6 b ) .
G u s t a f s s o n ,  J . A . ,  E n e r o t h ,  P . ,  P o u s e t t e ,  A . ,  S k e t t ,  P . ,  
S o n n e n s c h e in , C . , S t e n b e r g ,  A . ,  and A h le n ,  A. "Programming  
and d i f f e r e n t i a t i o n  o f  r a t  l i v e r  en zy m e s" ,  J . S t e r o i d  
Biochem. 8 ;  4 2 9 - 4 4 3  (19 7 7 ) ' .
G u s t a f s s o n ,  J . A . ,  E n e r o t h ,  P . ,  H o k f e l t ,  T . , and S k e t t ,  P .  
" C e n t r a l  c o n t r o l  o f  h e p a t i c  s t e r o i d  m e t a b o i is m :  E f f e c t  o f
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
-146-
4
d i s c r e t e  h y p o t h a l a m i c  l e s i o n s " , ’ E n d o c r i n o l o g y  103:  1 4 1 -1 5 1  
( 1 9 7 8 ^ .  . ' ,
G u s t a f s s o n ,  J . A . ,  E d e n , ' S . ,  E n e r o t h ,  P . ,  H o k - f e l t ,  T . , *
Is a k 's s o n , 0 .  , J a n s s o n , .. J . 0 .  , Mode, A. , and N o r s t e d t ,  G. 
" R e g u l a t i o n  o f  s e x u a l 1y - d i m o r p h i c  h e p a t i c  s t e r o i d  m e t a b o l is m  
by t h e  s o m a t o s t a t i n - g r o w t h  hormone a x i s " ,  J . S t e r o i d  Biochem.  
19: 6 9 1 - 6 9 B  ( 1 9 8 3 ) .
H a r a d a ,  N. and Omura, T .  ' " S e l e c t i v e  i n d u c t i o n  o f  two  
d i f f e r e n t  m o l e c u l a r  s p e c i e s  o f  c y to c h ro m e  P - 4 5 0  by  
p h e n o b a r b i t a l  and 3 —m e t h y l c h o l a n t h r e n e " , J .B io c h e m .  (Tokyo)  
8 9 :  2 3 7 - 2 4 8  ( 1 9 8 1 ) .
H i z u k a ,  N . ,  G ard en ,  G. , L e s n i a k ,  M . A . ,  D b b erg h en ,  E . , ■ 
C a r p e n t i e r ,  J - L .  , and Q r c i  , L .  " P o l y p e p t i d e  hormone  
d e g r a d a t i o n  and r e c e p t o r  r e g u l a t i o n  a r e  c o u p le d  t o  l i g a n d  
i n t e r n a l i z a t i o n " ,  J . B i o l . C h e m .  256 :  4 5 9 1 - 4 5 9 7  ( 1 9 8 1 ) .
J a n s s o n ,  J . O . ,  E k b e r g ,  S . ,  I s a k s s o n ,  , and Eden,  S.  
" I n f l u e n c e  o f  gon ada l  s t e r o i d s  on a g e -  and s e x - r e l a t e d  
s e c r e t o r y  p a t t e r n s  o f  g r o w th  hormone i n  t h e  r a t " ,
E n d o c r i n o l o g y  114:  1 2 8 7 - 1 2 9 4  ( 1 9 8 4 ) .
J e n s e n ,  E . V . ,  S u z u k i ,  T . , Kawashima,  T . , S t u m p f , W. ,
J u n g b l u t ,  P . ,  and DeSombre,  E . R .  "A t w o - s t e p  mechanism f o r  
t h e  i n t e r a c t i o n  o f  e s t r a d i o l  w i t h  r a t  u t e r u s " ,  P r o c . N a t l .  
A c a d . S c i .  5 9 :  6 3 2 - 6 3 8  ( 1 9 6 8 ) .
Joh an sso n ,  0 .  and H o k f e l t ,  T .  " T h y r o t r o p i n  r e l e a s i n g  
hormone,  s o m a t o s t a t i n e n k e p h a l i n :  D i s t r i b u t i o n  s t u d i e s  u s in g  
i  m m unoh is toche m ica l  t e c h n i q u e s " ,  J . H- istochem. Cytochem. 28 :  
3 6 4 - 3 6 6  ( 1 9 8 0 ) .
J o r d a n ,  V.C^T) " B i o c h e m i c a l  p h a rm a c o lo g y  o f  a n t i e s t r o g e n  
a c t i o n " ,  NsP f r a r m a c o l .R e v .  3 6 :  2 4 5 - 2 7 6  ( 1 9 8 4 ) . C
K a m a t a k i ,  T . , Maeda,  K . , Yamazoe,  Y . , N a g a i , T . , and K a t o ,  R.
"Sex d i f f e r e n c e s  o f  c y t o c h ro m e  P - 4 5 0  i n  t h e  r a t :  P u r i f i c a t i o n ;
c h a r a c t e r i z a t i o n ,  and q u a n t i t a t i o n  o f  c o n s t i t u t i v e  f o r m s  o f
c y to c h ro m e  P - 4 5 0  f ro m  l i v e r  m icrosomes o f  m ale  and f e m a l e
r a t s " ,  A r c h . B i o c h e m .B io p h y s .  2 2 5 :  7 5 8 - 7 7 0  ( 1 9 8 3 ) .
0
K a m a t a k i ,  T .  , Maeda,  K. , Sh im ada ,  M. , K i t a n i ,  K. , N a g a i , - T . ,  
and K a t o ,  R. “ A g e - r e l a t e d  a l t e r a t i o n  - in t h e  a c t i v i t i e s  o f  
d r u g  m e t a b o l i z i n g  enzymes and c o n t e n t s  o f  s e x —s p e c i f i c  fo rm s  
o f  c y to c h ro m e  P - 4 5 0  i n  l i v e r  m ic rosom es f r o m  m a le  and f e m a l e  
r a t s " ,  ' J . P h a r m a c o l . E x p e r . T h e r . 2 3 3 :  2 2 2 —2 2 8  ( 1 9 8 5 ) .
*
Kaneko,  T . , Oka, H . , S a i t o ,  S . ,  Munemura, M . , Musa, K . , Oda,
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
-147-
T . ,  Y a n a i h a r a ,  N. , and Y a n a i h a r a ,  C. “ In  v i t r o  e f f e c t s  o f  
s y n t h e t i c  s o m a t o t r o p i n - r e l e a s e  i n h i b i t i n g  - f a c t o r  on c y c l i c  
AMP l e v e l s  and g r o w th  hormone r e l e a s e  i n  r a t  a n t e r i o r  
p i t u i t a r y  g l -and" ,  E n d o c r i n o l . Jap on .  2 0 :  5 3 3 - 5 3 8  ( 1 9 7 3 ) .
Kaneko,  T .  , Oka,  H . , Munemura,  M . , S u z u k i ,  S . ,  Yasuda ,  H . , 
and Oda, T .  “S t i m u l a t i o n  o f  g u a n o s in e  3 ’ 5 ' - c y c l i c  mono­
p h o s p h a te  a c c u m u la t i o n  i n  r a t  a n t e r i o r  p i t u i t a r y  g la n d  i n  
v i t r o  by s y n t h e t i c  s o m a t o s t a t i n " ,  B i o c h e m .B io p h y s . R e s .
Commun. 6 1 :  5 3 - 5 7  ( 1 9 7 4 ) .
V*
K a to ,  J .  and O n o u c h i , J .  “ 5 C - D H T  ’ r e c e p t o r ’ i n  t h e  r a t  
h y p o th a la m u s " ,  E n d o c r i n o l . J a p o n . 20 :  4 2 9 - 4 3 2  ( 1 9 7 3 a ) .
-. " 5 C  — DHT ' r e c e p t o r ’ i n  t h e  r a t  h y p o p h y s i s " ,
E n d o c r i n o l . J a p o n . 20 :  6 4 1 - 6 4 4  ( 1 9 7 3 b ) .
K a to ,  R. "Sex—r e l a t e d  d i f f e r e n c e s  i n  d ru g  m e t a b o l i s m " .
Drug M e t a b .R e v .  3 :  1 - 3 2  ( 1 9 7 4 ) .
K a to ,  R. and G i l l e t t e ,  J . R .  “E f f e c t  o f  s t a r v a t i o n  on NADPH- 
d ep e n d e n t  enzymes i n  l i v e r  mic rosomes o f  m ale  and f e m a l e  
r a t s " ,  J . P h a r m a c o l . E x p e r . T h e r . 150:  2 7 9 - 2 8 4  ( 1 9 6 5 ) .
K a to ,  R. and Onoda, K. " S t u d i e s  on- t h e  r e g u l a t i o n  o f  t h e  
a c t i v i t y  o f  d rug  o x i d a t i o n  i n  r a t  l i v e r  m icrosom es by  
a n d ro g e n s  and. e s t r o g e n s " ,  B i o c h e m .P h a r m a c o l . 19: 1 6 4 9 - 1 6 6 0
( 1 9 7 0 ) .
K a t z e n e l 1e n b o g e n , B . S . ,  K a t z e n e l 1en b o g en , J . A . ,  F e r g u s o n ,  E . , 
and Krau tham m er,  N. *  " A n t i e s t r o g e n  i n t e r a c t i o n  w i t h  u t e r i n e  
e s t r o g e n  r e c e p t o r s " ,  J . B i o l . C h e m .  25 3 :  6 9 7 - 7 0 7  ( 1 9 7 8 ) .
K ram er ,  R . E .  ahd C o lb y ,  H .D .  " F e m i n i z a t i o n  o f  h e p a t i c  
s t e r o i d  and drug  m e t a b o l i z i n g  enzymes by g ro w th  hormone m  
m ale  r a t s " ,  J . E n d o c r i n o l . 7 1 :  4 4 9 - 4 5 0  ( 1 9 7 6 ) .
Kram er,  R . E . ,  G r e i n e r ,  J . W . ,  Canady,  W . J . ,  and C o lb y ,  H .D .  
" R e l a t i o n  o f  t h e  p i t u i t a r y  g l a n d  t o  t h e  a c t i o n s  o f  
t e s t o s t e r o n e  o f  h e p a t i c  e t h y l  m o rp h in e  m e t a b o l is m  i n  r a t s " ,
B io c h e m .P h a r m a c o l . 24 :  2 0 9 7 - 2 0 9 9  ( 1 9 7 5 ) .
Kram er,  R . E . ,  G r e i n e r ,  J .W . ' ,  Rumbaugh, R . C . ,  Sweeney,  T . D . ,  
and C o lb y ,  H . l £  " R e g u l a t i o n  o f .  t h e  g on ada l  hormones t o  
grow th  hormone a c t i o n s - o n  h e p a t i c  d rug  m e t a b o l is m  i n  r a t s " ,
J . P h a r m a c o l . E x p e r . T h e r . 2 0 4 :  2 4 7 - 2 5 4  ( 1 9 7 8 ) .
* ---------------------- . " R e q u i r e m e n t  o f  t h e  p i t u i t a r y  g l a n d  f o r  g o n ad a l
hormone e f f e c t s  on h e p a t i c  d ru g  m e t a b o l is m  i n  r a t s " ,  J .  
P h a r m a c o l . E x p e r . T h e r . 2 0 8 :  -19-23 ( 1 9 7 9 ) .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
La x ,  E . R . ,  H o f f .  H-G.  , G h r a f ,  R. , S chrader . ,  E.  , and  
S c h r i e f e r s ,  H. "The r o l e  o-f t h e  h y p o p h y s is  i n  t h e  r e g u l a t i o n  
o-f sex -d i - f - f e r e n c e s  i n  t h e  a c t i v i t i e s  o-f enzymes i n v o l v e d  i n  
h e p a t i c  s t e r o i d  m e ta b o l  i  snr" , H o p p e - S e y l e r  ’ s 2 .  P h y s i  o l . Chem. 
3 5 5 :  1 3 2 5 - 1 3 3 1  ( 1 9 7 4 ) .
L ax ,  E . R . , R u m s ta d t ,  F . , P l a s c z y k ,  H. , P e e t z ,  A . ,  and  
S c h r i e - f e r s ,  H. " A n t a g o n i s t i c  a c t i o n  .o f  e s t r o g e n s ,  f l u t a m i d e , '  
and human g r o w th  hormone on a n d r o g e n - in d u c e d  changes  i n  t h e  
a c t i v i t i e s  o f  some enzymes o f  h e p a t i c  s t e r o i d  m e t a b o l is m  i n  
t h e  r a t " .  E n d o c r i n o l o g y  113:  1 0 4 3 - 1 0 5 5  ( 1 9 B 3 ) .
L e v i n e ,  S. and M u l l i n s ,  R . F .  " E s t r o g e n  a d m i n i s t e r e d  
n e o n a t a l 1y. a f f e c t s  a d u l t  s e x u a l  b e h a v i o u r  i n  m ale  and f e m a l e  
r a t s " ,  S c i e n c e  144: 1 8 5 - 1 8 7  ( 1 9 6 4 ) .
L i e b e r b u r g ,  I .  and McEwen, 3 . S. ; " 3 r a i n  c e l l  n u c l e a r  
r e t e n t i o n  o f  t e s t o s t e r o n e  m e t a b o l i t e s ,  5 C - d i h y d r o t e s t o s t e -  
r o n e  and e s t r a d i o l - 1 7 3  i n  a d u l t  r a t s " .  E n d o c r i n o l o g y  100:  
5 8 8 - 5 9 7  ( 1 9 7 7 ) .
L i e b e r b u r g ,  I . ,  MafcLusky, N . J . , *  and McEwen, B . S .  " 5 f f -  
d i h y d r o t e s t o s t e r o n e  (DHT) r e c e p t o r s  i n  r a t  b r a i n  and 
p i t u i t a r y  c e l l  n u c l e i " ,  E n d o c r i n o l o g y  100:  5 9 8 —607 ( 1 9 7 7 a ) .
L i e b e r b u r g ,  I . ,  W a l l a c h ,  G.%, ana McEwen, B .S .  "The e f f e c t s  
o f  an i n h i b i t o r  o f  a r o m a t i z a t i o n  (1 ,  4 ,  6 —a n d r o s t a t r i  e n e —3 , .1 7 -  
di.one) and an a n t i e s t r o g e n  (C X -6 2 8 )  on i n  v i v o  fo rm ed  
t e s t o s t e r o n e  m e t a b o l i t e s  r e c o v e r e d  f ro m  n e o n a t a l  r a t  b r a i n  
t i s s u e s  and p u r i f i e d  c e l l  n u c l e i .  I m p l i c a t i o n s  f o r  s e x u a l ' -  
d i f f e r e n t i a t i o n  o f  t h e  r a t  b r a i n " ,  B r a i n  Res.  128:  1 7 6 -1 8 1
( 1 9 7 7 b ) . -
L i e b e r b u r g ,  I . ,  MacLusky,  N . J . ,  and McEwen, 3 . S.  "Androgen  
r e c e p t o r s  i n  t h e  p e r i n a t a l  r a t  b r a i n " ,  - B r a i n  Res.  196:  1 2 5 -  
138 ( 1 9 8 0 a ) .
-------------------- :— . " C y t o p l a s m i c  and n u c l e a r  e s t r a d i o l - 1 7 3  b i n d i n g
i n  m ale  and f e m a l e  r a t  b r a i d :  R e g io n a l  d i s t r i b u t i o n ,  t e m p o r a l  
a s p e c t s ,  and m e t a b o l i s m " , .  3 r a i n  Res.  193:  4 B 7 - 5 0 3  ( 1 9 8 0 b ) .
Low ry ,  O . H . ,  Rosebrough ,  D . J . ,  F a r r ,  A . L . ,  and R a n d a l l ,  R . J .  
" P r o t e i n  measurem ent  w i t h  t h e  F o l i n  pheno l  r e a g e n t " ,  J . S i o l .  
Chem. 193 :  2 6 5 - 2 7 5  ( 1 9 5 1 ) .
Lu,  A . Y . H .  " L i v e r  m ic ro som a l  d r u g - m e t a b o l i z i n g  enzyme  
sys tem :  F u n c t i o n a l  components  and t h e i r  p r o p e r t i e s " ,  Fed ,  
P r o c .  3 5 :  2 4 6 0 - 2 4 6 2  ( 1 9 7 6 ) .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
-149-
. L u t t g e ,  W.G. and W halen ,  R . E .  -. " D i h y d r o t e s t p s t e r a n e ,  
a n d r o s t e n e d i o n e ,  t e s t o s t e r o n e :  c o m p a r a t i v e  e f f e c t i v e n e s s  i n  
m a c u l i n i z i n g  and d e f e m i n i z i n g  r e p r o d u c t i v e  sys te m s  i n  m a le  
and - female r a t s ” , .  H o rm .B eh av .  1: 2 6 5 - 2 8 1  < 1 9 7 0 ) .
MacLusky , , N . J . ,  L i e b e r b u r g ,  I . ,  and McEwen, B .S .  "The  
. d ev e lo pm ent  o-f e s t r o g e n  r e c e p t o r  sy s te m s  i n  t h e  r a t  b r a i n :  
P e r i n a t a l  d e v e lo p m e n t " ,  B r a i n  Res.  178: 1 2 9 -1 4 2  ( 1 9 7 9 a ) .
MacLusky, N . J . ,  C h a p t a l , C. , and McEwen, B .S .  "The d e v e l o p ­
ment o-f e s t r o g e n  r e c e p t o r  sys tem s i n  t h e  r a t  b r a i n  and 
p i t u i t a r y :  P o s t n a t a l  d e v e lo p m e n t " .  B r a i n  Res.  178: 1 4 3 - 1 6 0
( 1 9 7 9 a ) . .
Maeda, K . , K a m a t a k i ,  T . , N a g a i , T . , and K a to ,  R. " P o s t n a t a l  
d e v e lo p m e n t  o-f c o n s t i t u t i v e  -forms o-f c y to c h ro m e  P - 4 5 0  i n  
l i v e r  m icrosomes o-f. m a le  and - female r a t s " ,  B io ch em . - 
P h a r m a c o l . 3 3 :  . 5 0 9 - 5 1 2  ( 1 9 8 4 ) . ^
Massa, R. , J u s t o ,  S . ,  and M a r t i n i ,  L .  " C o n v e r s io n  o-f t e s t o s ­
t e r o n e  i n t o  5 0 1 - r e d u c e d  m e t a b o l i t e s  i n  t h e  a n t e r i o r  p i t u i t a r y  
and i n  t h e  b r a i n  o-f m a t u r in g  r a t s " ,  J . S t e r o i d  Biochem. 6:  
s5 6 7 —571 ( 1 9 7 5 ) ;
Masuda-Mi'kawa,  R. , F u j i - K u r i y a m a ,  Y. , N e g i s h i ’, M. , and 
T a s h i r o ,  Y. " P u r i - f i c a t i o n  and p a r t i a l  c h a r a c t e r i z a t i a n  a t  
h e p a t i c  m ic ro so m a l  cy to c h ro m e  P - 4 5 0 ' s  f ro m  p h e n o b a r b i t a l -  and 
3 - m e t h y l c h o l a n t h r e n e —t r e a t e d  r a t s " ,  J .B io c h e m .  (Tokyo)  S6:  
1 3 8 3 - t 3 9 4  ( 1 9 7 9 ) .
M ayer , '  S . E . , Melmon, K . L . ,  and G i lm a n ,  A . 5 .  The dynam ics  of  
drug a b s o r p t i o n ,  d i s t r i b u t i o n ,  and e l i m i n a t i o n .  The  
P h a rm a c o lo g ic a l -  B a s i s  o f  T h e r a p e u t i c s . I n :  G i lm a n ,  A . G . ,  
Goodman, L . S . ,  and G i lm a n ,  A. ( e d s ) . M a c M i l l a n  P u b l i s h i n g  
/ C o .  I n c . ,  New Y o r k .  C h . l ,  p .  21 ( 1 9 8 0 ) .
McDonald ,  P .G .  " N e o n a ta l  a d m i n i s t r a - t i o n  o f  d i f f e r e n t  
a.ndrogens i n  t h e  f e m a l e  r a t " ,  J . E n d o c r i  no l  . 64:  9 5 - 1 0 1
( 1 9 7 4 ) .
McDonald, P .G .  and D o ughty ,  C. " I n h i b i t i o n  o f  a n d r o g e n -  
s t e r i 1 i z a t i o n  i n  t h e  f e m a l e  r a t  by t h e  a d m i n i s t r a t i o n  o f  an 
a n t i e s t r o g e n  " , J . E n d o c r i  nol*w 55 :  4 5 5 —456' ( 1 9 7 2 ) .
' ------------------------. " E f f e c t - o f  n e o n a t a l  a d m i n i s t r a t i o n  .of d i f f e r e n t
androgens  i n  t h e  f e m a l e  r a t :  C o r r e l a t i o n  between a r o m a t i z a -  
t i o n  and t h e  i n d u c t i o n  o f  s t e r i l i z a t i o n " ,  J . E n d o c r i n o l . 61:  
9 5 - 1 0 3  (J.974) . -
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
- 1 5 0 -
M cDonald ,  P . ,  B e y e r ,  C. , N ew ton ,  F .  , Br i -en ,  B; , e t  a l . 
" F a i l u r e  o-f 5CC — DHT t o  " i n i t i a t e  .sexua l  b e h a v i o u r  i n  t h e  
c a s t r a t e d  m a le  r a t " ,  N a t u r e  2 2 7 :  9 6 4 - 9 6 5  ( 1 9 7 0 ) .
' M c G u i r e ,  J . S .  and T o m k in s ,  %fM.  "The h e t e r o g e n e i t y  o f  
3 - k e t o s t e r o i d  r e d u c t a s e s  ( 5 0 " ,  J . B i o l . C h e m .  2 3 5 :  1 6 3 4 -  
1638 ( 1 9 6 0 ) .
• M e r c h e n t h a l e r , I . ,  V i g h ,  S . ,  S c h a l l y ,  A . ,  and P e t r u s : ,  P . .
" Im m un ocy toche m ica l  l o c a l i s a t i o n  o f  g ro w th  horm one -  
r e l e a s i n g  f a c t o r  . in  t h e  r a t  h y p o th a la m u s " ,  E n d o c r i n o l o g y  
114:  1 0 8 - 1 0 8 5  ( 1 9 8 4 ) .
*
M i l  i n ,  3 .  and Roy,  A .K .  "Androgen " r e c e p t o r 7 i n  r a t  l i v e r :  
C y t o s o l  ' r e c e p t o r 7 d e f i c i e n c y  i n  p s e u d o h e r m a p h r o d i t e  m ale  
' r a t s " .  N a t u r e ,  New B io o g y  2 4 2 :  2 4 8 - 2 5 0  ( 1 9 7 3 ) .
Mode, A . ,  N o r s t e d t ,  G. , S i m i c ,  B . , E n e r o t h ,  P . ,  and 
G u s t a f s s o n ,  J . A .  " C o n t in u o u s  ' i n f u s i o n  o f  g ro w th  hormone  
f e m i n i z e s  h e p a t i c  s t e r o i d  m e t a b o l is m  i n  t h e  r a t " ,  
E n d o c r i n o l o g y  108:  ' 2 1 0 3 - 2 1 0 8  (19 8 1 ) ' .
Mode, A. and- N o r s t e d t r G. " E f f e c t s  o f  g o n ad a l  s t e r o i d  
hormones on t h e  h y p o t h a l a m o - p i t u i t a r y —1 i v e r  a x i s  i n  t h e  
c o n t r o l  o f  sex d i f f e r e n c e s  i n  h e p a t i c  s t e r o i d  m e t a b o l is m  i n  
t h e  r a t " ,  J . E n d o c r i n o l . 95 :  181 — 187 ( 1 9 8 2 ) .
Mode, A . ,  G u s t a f s s o n ,  J . A . ,  J a n s s o n ,  J . O . ,  Eden,  S . ,  and 
I s a k s s o n ,  D. " A s s o c i a t i o n  b e tw e e n  p la s m a  l e v e l s  o f  g ro w th  
hormone and sex d i f f e r e n t i a t i o n  o f  h e p a t i c  s t e r o i d  m e ta b o l is m  
i n  t h e  r a t " ,  E n d o c r i n o l o g y  111:  1 6 9 2 - 1 6 9 7  ( 1 9 8 2 ) .
Mode, A . ,  N o r s t e d t ,  G . , E n e r o t h ,  P . ,  and G u s t a f s s o n ,  J . A .  
" P u r i f i c a t i o n  o f  l i v e r  f e m i n i z i n g  f a c t o r  f r o m  r a t  p i t u i t a r i e s  
and d e m o n s t r a t i o n  o f  i t s  i d e n t i t y  w i t h  g ro w th  hormone",  
E n d o c r i n o l o g y  113:  1 2 5 0 - 1 2 6 0  ( 1 9 8 3 ) .
M urad,  F .  and Haynes ,  J r . ,  R .C .  Androgens  and a n a b o l i c  
s t e r o i d s .  The P h a r m a c o l o q i c a l  B a s i s  o f  T h e r a p e u t i c s , 6 t h  
. e d i t i o n .  I n :  G i lm a n ,  A . G . ,  G o o d m a n , 'L .S .  , and G i lm a n ,  A.
( e d s ) . M a c M i l l a n  P u b l i s h i n g  C o . ,  New Y o r k .  C h . 6 2 ,  p .  1448— 
1465  ( 1 9 8 0 ) .
N a ess ,  □ . ,  A t r a m d a l , A . ,  and A akvaag ,  A. "Androgen b i n d i n g  
p r o t e i n  i n  t h e  a n t e r i o r - p i t u i t a r y ,  h y p o th a la m u s ,  p r e o p t i c  
a r e a ,  and b r a i n  c o r t e x  i n  t h e  r a t " ,  E n d o c r i n o l o g y  96:  1 - 9
( 1 9 7 5 ) .
N a f t o l i n ,  F .  , Ryan ,  K . J . ,  and P e t r o ,  Z.  “A r o m a t i c a t i o n  o f  
a n d r o s t e n e d i o n e  by  t h e  a n t e r i o r  h y p o th a la m u s  o f  a d u l t  m ale
■ f
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
-151-
f
and - female  r a t s " ,  E n d o c r i n o l o g y  90 :  2 9 5 - 2 9 8  ( 1 9 7 2 ) .
N a f t o l i n ,  F .  , Ryan,  K . J . ,  Davies- ,  I . J . ,  Reddy,  V . V . ,  F l a r e s ,
F .  , P -e t ro ,  Z.  , and Kuhn, M. "The f o r m a t i o n  o f ■e s t r o g e n s  by  
c e n t r a l  n e u r o e n d o c r i n e  t i s s u e s " ,  R e c .P r o g . H o r m .R e s .  31 :  
2 9 5 - 3 1 9  ( 1 9 7 5 ) .  ■
Nash,  T .  "The c o l o r i m e t r i c  e s t i m a t i o n -  o f  f o r m a l d e h y d e  by  
means o f  t h e  H a n tz c h  r e a c t i o n " ,  B io c h e m .J .  55 :  4 1 6 - 4 2 1  
( 1 9 5 3 ) .  „
N o r s t e d t ,  S . ,  Mode, A . ,  H o k f e l t ,  T.  , E n e r o t h ,  P . ,  E l d e ,  R. , 
F e r l a n d ,  L . , L a b r i e ,  F.  , and G u s t a f s s o n ,  J . A .  " P o s s i b l e  r o l e  
o f  s o m a t o s t a t i n  i n  t h e  r e g u l a t i o n  o f  t h e  s e x u a l l y — 
d i f f e r e n t i a t e d  s t e r o i d  m e t a b o l is m  and p r o l a c t i n  r e c e p t o r  in  
r a t  l i v e r " ,  E n d o c r i n o lo g y  112:  1 0 7 6 - 1 0 9 0  ( 1 9 8 3 ) .
Qgawa, N. , Thompson, T .  , F r ' i e s e n ,  H. , M a r t i n ,  J . ,  and 
B r a z e a u ,  P .  " P r o p e r t i e s  o f  s o l u b l e  s o m a t o s t a t i n - b i n d i n g  
p r o t e i n " ,  B io c h e m .J .  165': 2 6 9 - 2 7 7  ( 1 9 7 7 ) .
4  Paup, D . C . ,  M eh n in ,  S. P . ,  and1* G o r s k i , R .A .  “ A n d r o g e n -  and
e s t r o g e n - i n d u c e d  c o p u l a t o r y  b e h a v i o u r  and i n h i b i t i o n  o f  
l u t e i n i z i n g  hormone (LH) s e c r e t i o n  i n  t h e  m a le  r a t " ,  Horm.  
Behav.  6 :  3 5 - 4 6  ( 1 9 7 5 ) .  •
, /  '
- P f e i f f e r ,  C .A .  “S e x u a l  d i f f e r e n c e s  o f  t h e  h y p o p h y s is  and 
t h e i r  d e t e r m i n a t i o n  by  t h e  g o n a d s " ,  A m . J . A n a t .  5 8 :  1 9 5 -2 2 5
( 1 9 3 6 ) .
P l a p i n g e r ,  L .  and Mcewen, B . S .  "Ontogeny o f  e s t r a d i o l -  
b i n d i n g  s i t e s  i n  r a t  b r a i n .  I .  A p pearance  o f  p r e s u m p t i v e  
a d u l t  r e c e p t o r s  i n  c y to 'so l  and n u c l e i ” , E n d o c r i n o l o g y  93:  
1 1 1 9 - 1 1 2 8  ( 1 9 7 3 ) .
r
P o w e l l - J o n e s ,  W . , Thompson, C. , N a y fe h ,  S . N . ,  and L u c i e r ,
G.W. "Sex d i f f e r e n c e s  i n  e s t r o g e n  b i n d i n g  by c y t o s o l i c  and 
n u c l e a r  components  o f  r a t  l i v e r " ,  J . S t e r o i d  B iochem. 13:  
2 1 9 - 2 2 9  ( 1 9 8 0 ) .
Pofcel1—J o n e s ,  W . , Thompson, C . ;  R a e f o r d ,  S . ,  and L u c i e r ,
G . l ^  " E f f e c t  o f  gonadectomy on t h e  ontogeny-  o f  e s t r o g e n  
b i n d i n g  components  i n  r a t  l i v e r  c y t o s o l " ,  E n d o c r i n o l o g y  
109: 6 2 8 - 6 3 6  ( 1 9 8 1 ) .
Ranke,  M . B . ,  S t a n l e y ,  C . A . ,  R o d b ard ,  D . , B a k e r ,  L . , 
B o n g i o v a n n i e ,  A . ,  and P a r k s ,  J . S .  "Sex d i f f e r e n c e s  i n  
b i n d i n g ' o f  human g ro w th  hormone t o  i s o l a t e d  r a t  h e p a t o c y t e s " , 
P r o c . N a t l . Acad.  S c i  . 7 3 :  847-85*1 ( 1 9 7 6 ) .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Reddy,  V .  N a f - t o l i n ,  F .  , and Ryan ,  K. 'J.  “ C o n v e r s io n  o-f 
• a n d r o s t e n e d i o n e  t o  e s t r o n e  by n e u r a l  t i s s u e s  -from f e t a l  and 
n e o n a t a l  r a t s ” , E n d o c r i n o l o g y  9 4 :  1 17—121 ( 1 9 7 4 ) .
Resko,  J . f e . ,  F e d e r ,  H . H . ,  Boy,  R.W. "Androgen c o n c e n t r a t i o n s
i n  p la s m a  and t e s t e s  Of d e v e l o p i n g  r a t s " ,  J . E n d o c r i n o l . -40:
4 8 5 - 4 9 1  ( 1 9 6 8 ) .  ■ • "v*
Rhoda,  J . ,  C o r b i e r ,  P . ,  and R o f f i ,  S .  "Sonada l  s t e r o i d  
 ̂ c o n c e n t r a t i o n s  in  serum and h y p o th a la m u s  o f  t h e  r a t  a t  
b i r t h :  - a r o m a t i z a t i  on o f  t e s t o s t e r o n e  t o  1 7 3 - e s t r a d i o l " ,  
E n d o c r i n o l o g y  114: 1754—1760 ( 1 9 8 4 ) . .
R o c h e f o r t ,  H. and G a r c i a ,  M. "Androgen on t h e  e s t r o g e n  
r e c e p t o r .  I .  3 i 'n d in g  and i n  v i v o  n u c l e a r  t r a n s l o c a t i o n "  , 
S t e r o i d s  28 :  5 4 9 - 5 6 0  ( 1 9 7 6 ) .
R o c h e f o r t ' ,  H. , L i g n c n ,  F .  , and Capony, r .  " F o r m a t io n  o f  
e s t r o g e n " n u c l e a r  r e c e p t o r  i n  u t e r u s :  E f f e c t  o f  a n d ro g e n s ,  
e s t r o n e ,  and . n a f o x i d i n e " , B io c h e m .3 io p h y s .R e s .C o m m u n . 47:  
6 6 2 - 6 6 6 '  ( £ 9 7 2 )  . ' ' •
R o h l f ,  F . J . - a n d  So ka l  , R .R . .  S t a t i s t i c a l  T a b l e s , 2nd e d i t i o n .  
W.H. Freeman and C o . ,  San F r a n c i s c o ,  p p . 1 0 8 - 1 3 0  ( 1 9 8 1 ) .
R o s e l l ' i ,  C .E .  and Resko,  J . A .  "Androgens  r e g u l a t e  b r a i n  
a r o m a t a s e  a c t i v i t y  i n  a d u l t  m a le  r a t s  t h r o u g h  a r e c e p t o r  
m echanism",  E n d o c r i n o l o g y  114:  2 1 8 3 - 2 1 8 9  ( 1 9 8 4 ) .
Rumbaugh, R .C .  and C o lb y ,  H .D .  " I s  g ro w th  hormone t h e  
p i t u i t a r y  f e m i n i z i n g  f a c t o r  m e d i a t i n g  t h e  a c t i o n s  o f  
e s t r a d i o l  on h e p a t i c  d rug  and s t e r o i d  m e t a b o l i s m " ,  
E n d o c r in o lo g y .  107: 7 1 9 - 7 2 4  ( 1 9 8 0 ) . ' '  .
/
Ryan,  K . J .  " B i o l o g i c a l  a r o m a t i z a t i a n  o f  s t e r o i d s " ,  J . B i o l - .  
Chem. 2 3 4 :  2 6 8 - 2 7 2  -
Ryan,  D . E . ,  T h o m a s , ' P . E . , and L e v i n ,  W. " H e p a t i c  m ic ro som al  
c y to c h ro m e  P—4 50  f ro m  r a t s  t r e a t e d  w i t h  i s o s a f r o l e " ,  J . B i o l .  
Chem. 2 5 5 :  7 9 4 1 - 7 9 5 5  ( 1 9 8 0 ) .
------------------------ . " P u r i f i c a t i o n  and c h a r a c t e r i t a t i o n  o f  a m in or
fo r m  o f  h e p a t i c  m ic ro som al  c y to c h ro m e  P - 4 5 0  f ro m  r a t s  t r e a t e d  
w i t h  p o l y c h l o r i n a t e d  b i p h e n y l s " .  A r c h . B io ch em . B io p h y s .  2 1 6 :  
■ 2 7 2 - 2 8 8  ( 1 9 8 2 ) .
Ryan, D . E . ,  'Thomas, P . E . ,  K o r z e n i o w s k i , D . , and L e v i n ,  W.
• " S e p a r a t i o n  and c h a r a c t e r i z a t i a n  o f  h i g h l y  p u r i f i e d  fo rm s  o f  
l i v e r  m ic ro som a l  c y to c h ro m e  P - 4 5 0  f ro m  r a t s  t r e a t e d  w i t h  
p o l y c h l o r i n a t e d  b i p h e n y l s ,  p h e n o b a r b i t a l , and 3 - m e t h y l c h a l a n —
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
-1'53-
t h r e n e " ,  J . B i o l . C h e m .  2 5 4 :  1 3 6 5 - 1 3 7 4  ( 1 9 7 ? ) .  '
Schenkman, J . 3 . ,  F r e y ,  I . ,  Remmer, H . , and E s t a b r o o k ,  R.W.
“ Sex d i f f e r e n c e s  i n  d r a g  m e t a b o l is m  by r a t  l i v e r  m ic ro s o m e s ” . 
M o l e c . P h a r m a c o l . 3 :  5 1 6 - 5 2 5  ( 1 9 6 7 ) .
\  .
S e l m a n o f f ,  M . K . ,  B r o d k i n ,  L . D . ,  W e i n e r ,  R . I . , - a n d  S i i t e r i ,
P . K .  " A r o m a t i z a t i o n  and 5 0 C - r e d u c t i o n  o-f and ro gens  i n  
d i s c r e t e  h y p o t h a l a m i c  and l i m b i c  r e g i o n s  o-f t h e  m a le  and 
- female r a t s * ' , '  E n d o c r i n o l o g y  101: B4 1 -B 48  ( 1 9 7 7 ) .
*
S k e t t ,  P.  and G u s t a f s s o n ,  J . A .  I m p r i n t i n g  o-f enzyme sys tem s  
o-f x e n c b i o t i c  and s t e r o i d  m e t a b o l i s m .  Rev iew s  i n  B io c h e m ic a l  
T o x i c o l o g y . I n :  Hodgson,-  E. , B e n d , - J . ,  and P h i l p e t .  R. 1 
< e d s ) . E l s e v i e r / N o r t h  H o l l a n d ,  New Y o r k ,  p p . 2 7 - 5 2  ( 1 9 0 0 ) .
S lo o p ,  T . C . ,  C l a r k ,  J . C . ,  Rumbaugh, R .C . , -  and L u c i e r ,  S.W.  
" I m p r i n t i n g  -o-f h e p a t i c  e s t r o g e n —b i n d i n g  p r o t e i n s  by n e o n a t a l  
a n d ro g e n s " ,  E n d o c r i n o l o g y  112:  1 6 3 9 - 1 6 4 6  ( 1 9 S 3 ) .
Somana, R . j  V is e s s u w a n ,  S . ,  S a m r i d t o n g ,  A . ,  anc H o l l a n d .  R.C.-  
" E f f e c t  o-f n e o n a t a l  androgen  t r e a t m e n t  and o r c h i o e c t o m y  on 
p i t u i t a r y  l e v e l s  o-f g ro w th  hormone i n  t h e  r a t ” ,
J . E n d o c r i n o l . 7 9 :  3 9 9 r 400  ( 1 9 7 8 ) .
Sp 'iess ,  J . ,  R i v i - e r ,  J . ,  and V a l e ,  W. " C h a r a c t e r i z a t i o n  c -
r a t  h y p o t h a l a m i c  g ro w th  h c r m o n e - r e l e a s i n g  - f a c t o r " ,  Na.ture
30 3 :  5 3 2 - 5 3 5  ( 1 9 0 2 ) .
♦
S t e n b e r g ,  A. " D e v e l o p m e n t a l ,  d i u r n a l ,  and e s t r q u s - c y t f l e  
d ep enden t  changes  i n  t h e  a c t i v i t y  c-f l i v e r  enzymes"-,•
J . E n d o c r i n o l . 68 :  2 6 5 - 2 7 2  ( 1 9 7 6 ) .  '  '
S t e r n ,  J .  and Ei  sen-f e l  d j .  A. " D i s t r i b u t i o n  and m e ta b o l is m  o-f 
^ H—t e s t o s t e r o n e  i n  c a s t r a t e d  m ale  r a t s :  E f f e c t s  c-f 
p r o g e s t e r o n e ,  c y p r o t e r o n e ,  and t e s t o s t e r o n e " ,  - E n d o c r m c l z g y  , 
88:  1 1 1 7 - 1 1 2 5  ( 1 9 7 1 ) .  •
Swerdlo- f-f ,  "R.'S. , . Wal sh ,  P . C . ,  and O d e l l ,  W.D. " C o n t r o l  o-f 
LH and FSH s e c r e t i o n  i n  t h e  m a le :  E v id e n c e  t h a t  a r o m a t i z a t i o n  
o-f and ro gens  t o  e s t r a d i o l  i s  n o t  r e q u i r e d  f o r  y ^ b u b i t i o n  o f  
g o n a d o t r o p in  s e c r e t i o n " ,  S t e r o i d s  20 :  1 3 - 1 7  (^1972).
T ro o p ,  R .C .  " I n f l u e n c e  o f  g o n ad a l  hormones o n t h e ^ m e t a b c l i s m  
o f  c o r t i s o n e " ,  E n d o c r i n o lo g y  6 4 :  6 7 1 —6 7 5  ( 1 9 5 8 ) .
T v e t e r ,  K . J .  -and A akvaag ,  A. " M e t a b o l i s m  i n , v i v o  o f  HI  
a n d r o s t e r i e d i o n e  and C H l t e s t o s t e r o n e  by androgen d e p e n d e n t  
t i s s u e s " ,  . A c ta  A n d o c r i n o l .  65 :  7 2 3 - 7 3 0  ( I P ^ O ) .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
-15^
T v e t e r ,  K . J .  and Unhjem, O. " S e l e c t i v e  u p t a k e  o-f a n d ro g e n s  
by r a t  'seminal  v e s i c l e s " ,  E n d o c r i n o l o g y  84 :  9 6 3 - 9 6 6  ( 1 9 6 9 ) .
V a l e ,  W . , R i v i e r ,  C. , and Brown,  M. " R e g u l a t o r y  p e p t i d e s  o f  
t h e  h y p o t h a la m u s " ,  Ann . R e v . P h y s i o l . 3 9 :  4 7 3 - 5 2 7  ( 1 9 7 7 ) .
%
V a n g a l a ,  V . ,  Reddy,  R. , N a f t o l i n ,  F .  'y and Ryan,  K . J .  
" A r o m a t i z a t i o n  i n  t h e  c e n t r a l  n e r v o u s  sy s te m  o-f r a b b i t s :  
e.-f-fects o-f c a s t r a t i o n  and hormone t r e a t m e n t " ,  E n d o c r i n o l o g y  
92 :  5 8 9 - 5 9 4  ( 1 9 7 3 ) .
V i r g o ,  -3 .3 .  Endogenous g ro w th  hormone and t h e  r e g u l a t i o n  o -  
h e p a t i c  d rug  o x i d a t i o n  i n  t h e  m ale  r a t .  D e v e lo p m e n ta l  
P h a r m a c o l o q v . A la n  R. L i s s  I n c . ,  New Y o rk . .  p . 379  ( 1 9 8 3 ) .
 1-------- ;■ —  ♦ " E r f e c t s  o-f s o m a t o s t a t i n  and t e s t o s t e r o n e  on
-the h e p a t i c  mcnooxygenase sys tem  i n  c a s t r a t e d  'male r a t s " ,
Drug M e t a b . D i s p o s .  13: 9 - 1 3  ( 1 9 8 5 ) .
V l a s u k ,  P . G . ,  G h ra y e b ,  J . ,  Ryan,  D . E l ,  R e i k ,  L . , Thomas, P . ,  
L e v i n ,  Ul., and W a lz ,  J r . ,  F .G .  " M u l t i p l i c i t y ,  s t r a i n  
d i f f e r e n c e s ,  and t o p o l o g y ” , B i o c h e m i s t r y  21 :  7S9—798 (19 .82 ) .
V c c k e n t a n z ,  3 .  M. and V i r g o ,  3 . 3 .  . " F e m i n i z a t i o n  c-f t h e  
h e p a t i c  mcnooxygenases by g row th  hormone i s  mimicked by 
purom yc in  and c o r r e l a t e s  w i t h  a d e c r e a s e  i n  m a l e - t y p e  
cy to c h ro m e  P - 4 5 0 " ,  3 i  ochem. Bi ophys.  Res.  Ccmmun. i '28: 6 S 3 - 6 8 8  
( 1 9 8 5 ) .
'W a d e ,  5 . N .  and B l a u s t e i n ,  J . D .  " E f f e c t ' s  o-f an a n t i e s t r o g e n  
on n e u r a l  e s t r a d i o l  b i n d i n g  and on b e h a v i o u r  i n  f e m a l e  r a t s " ,  
E n d o c r i n o l o g y  102:  2 4 5 - 2 5 2  ( 1 9 7 8 ) .
W e is z ,  J ,  .and G ib b s ,  C . ‘ " C c J ^ e r s io n  o f  t e s t o s t e r o n e  and 
a n d r o s t e n e d i o n e  t o  e s t r o g e n s  i n  v i t r o  by t h e  b r a i n  o f  f e m a l e  ■ 
r a t s " ,  E n d o c r i n o l o g y  94 :  6 1 6 —6 20  ( 1 9 7 4 ) .
West ,  S . 3 . ,  Huang,  M . 7 . ,  Miwa, G . T . ,  and Lu,  A . Y . H .  "A 
s i m p l e  and r a p i d  p r o c e d u r e . f o r  t h e  p u r i f i c a t i o n  o f  
p h e n o b a r b i t a l - i n d u c i b l e  c y to c h ro m e  P - 4 5 0  f ro m  r a t  l i v e r  
m ic ro s o m e s " ,  ’ A r c h . 3 i o c h e m . B i o p h y s .  193:  4 2 - 5 0  ( 1 9 7 9 ) .
>
W e s t l e y ,  3 . R .  and S a lam an ,  D . F .  " N u c l e a r  b i n d i n g  o f  t h e  
e s t r o g e n  r e c e p t o r  o f  n e o n a t a l  r a t  b r a i n  a f t e r  i n j e c t i o n  o f  
e s t r o g e n s  and a n d ro g e n s ,  l o c a l i z a t i o n  and sex d i f f e r e n c e s " ,  
3 r a i  n Res.  119:  375 . -388  ( 1 9 7 7 ) .
' W h a l e n ,  R .E .  ar'fc L u t t g e ,  W.G. " T e s t o s t e r o n e ,  a n d r o s t e n e d i  one  
and d i h y d r c t e s t o s t e r o n e  e f f e c t s  on m a t in g  b e h a v i o u r  o f  m ale  
r a t s " ,  H o rm .3 e h a v .  2 :  1 1 7 - 1 2 5  (1971-) .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
- 1 5 5 -
>
W h i t e ,  A. , '  H a n d i n g , P . ,  S m i th ,  . E . L . ,  H i l l . ,  R . L . ,  and Lehman,
I . R .  The Gonadslr P r i n c i p l e s ,  o-f' B i o c h e m i s t r y , 6 t h  e d i t i o n -!"”
I n :  W h i t e ,  H a n d l e r ,  S m i t h ,  H i l l ,  and Lehman ( e d s ) . McGraw-  
H i l l  Book C o . ,  New Y o r k . ’ C h . 4 4 ,  p p . 1 2 2 1 - 1 2 4 0  ( 1 9 7 8 ) .
W i l s o n ,  -J .T .  *' I  d e n t  i  -f i  c a t i o n  o-f s o m a t o t r o p i n  as  t h e  hormone
i n  a m i x t u r e  o-f s o m a t o t r o p i n ,  a d r e n o c o r t i c o t r o p i c  hormone,  
and p r o l a c t i n  which d e c r e a s e d  l i v e r  d ru g  m e ta b o l is m  i n  t h e  
r a t " ,  B i o c h e m .P h a r m a c o l . 18: 2 0 2 9 - 2 0 3 1  ( 1 9 6 9 ) .
------------------------- . " G r o w th  h o rm o n e  . m o d u l a t i o n  i n  l i v e r  d r u g
m e t a b o l i c  a c t i v i t y  m  t h e  r a t .  I .  E f f e c t  o-f t h e  horm one  on 
' t h e  c o n t e n t  -and r a t e  ,o-f r e d u c t i o n  o-f' m i c r o s o m a l  c y t o c h r o m e  
P - 4 5 0 " ,  B i o c h e m . P h a r m a c o l . 2 2 :  1 7 1 7 - 1 7 2 8  ( 1 9 7 3 ) .
Wol-f-f, T .  , G re im ,  H. , Huang,  Miwa,  G .T . - ,  and Lu,  A . Y . H .
" A l d r i n  e p o x i d a t i o n  c a t a l y e d  by p u r i - f e d  r a t  l i v e r  c y to c h ro m e s  
P - 4 5 0  and P - 4 4 8 " ,  E u r . J . Biochem.- I l l :  5 4 5 - 5 5 1  ( 1 9 8 0 ) .
Y a t e s ,  F . E . ,  H e r b s t ,  L . , and U r q u h a r t ,  J . '  "Sex d i f f e r e n c e s  
i n  r a t e  o-f r i n g  A r e d u c t i o n  o-f — 3 - k e t c s t e r o i d s  i r v  v i t r o  
by  r a t  l i v e r " ,  E n d o c r i n o l o g y  63": B 8 7 —9 0 2  ( 1 9 5 8 a ) .
Y a t e s ,  F . E . ,  U r q u h a r t ,  J . ,  and H e r b s t ,  L .  ‘‘ I m p a i r m e n t  c-f 
t h e  e n c y m ic  i n a c t i v a t i o n  o-f a d r e n a l  c o r t i c a l  horm ones  
• f o l l o w i n g  p a s s i v e  v e n o u s  c o n g e s t i o n  o-f t h e  l i v e r " ,  Am .J .  
P h y s i o l .  1 94 :  6 5 - 7 1  ( 1 9 5 8 b ) .
Z ig m o n d ,  R . E .  and McEwen, B . S .  " S e l e c t i v e  r e t e n t i o n  o-f 
e s t r a d i o l  b y  c e l l  n u c l e i  i n  s p e c i f i c  b r a i n  r e g i o n s  o f  t h e  
o v a r i e c t o m i t e d  r a t " ,  J . N e u r a c h e m .  17:  8 8 9 - 8 9 9  ( 1 9 7 0 ) .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
*
V IT A  AUCTORIS
Name: E v a n g e l i c a  F l o j o  Reyes  
B orn:  O c t o b e r  2 6 ,  1961 ,  M a n i l a ,  P h i l i p p i n e s
E l e m e n t a r y  E d u c a t i o n : S t . M a r y ’ s  Academy
M a n i l a ,  P h i l i p p i n e s  ( v a l e d i c t o r i a n )  
( 1 9 6 6 - 1 9 7 4 )
S e c o n d a ry  E d u c a t i o n :
U n i v e r s i t y  E d u c a t i o n :
S c h o l a r s h i p :
S t .  M a r y ’ s Academy
M a n i l a ,  P h i l i p p i n e s  ( v a l e d i c t o r i a n )  
( 1 9 7 4 - 1 9 7 8 )
U n i v e r s i t y  o-f W in d s o r ,  W in d s o r ,  O nt .  
M .S c .  i n  B i o l o g y  commenced 01983)
U n i v e r s i t y  o-f t h e  P h i l i p p i n e s ,  M a n i l a
B .S c .  i n  B i o l o g y  (cum l a u d e )
( 1 9 7 8 - 1 9 8 2 )
U n i v e r s i t y  o-f W in dsor  Summer R e s e a rc h  
S c h o l a r s h i p  (1982 )
t
-156-
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
